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\ THIS PLUG 
| STAYS 
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GRIP PRONGS* give dependable service on all electrical 


equipment. Available on the better complete cords only. 








GRIP PRONGS* Expand and 
actually grip sides of slot. 








Plug stays in—good contact 





even in worn outlets. 


Maintains the best possible 
electrical connection. 


Prevents damage to electrical 
contacts in the receptacle. 








Positive electrical contacts —No 
strain. No damage. 








WIREMAKER FOR INDUSTRY *U.S. Patents: 2,439,767; 2,671,205 
Canadian Pats: 438,585; 506,946. 


ines SINCE 1902 
CHICAGO 





Magnet Wire * Lead Wire * Power Supply Cords, Cord Sets and Portable Cord ¢ Aircraft Wires 
Welding Cable ¢ Electrical Household Cords ¢ Electronic Wires * Automotive Wire and Cable 
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FORMS OF EPOXY 


wul solve any 
component encapsulation 
problem! 


E-CASE SHELLS AND SLEEVES 
tandard iZ€ € e ' 


Shells, sheeting, powder, pellets, liquid — EPOXY 
PRODUCTS can provide the right form of epoxy to 
solve your component encapsulation problem. Using 
these 5 basic forms (the widest line available today) 
we custom-build an epoxy unit that is just the right 
size, shape and quality for your component. 

EPOXY SHEET — Molded epoxy sh¢ets in a variety of Once the right encapsulating unit is developed, 

ng and sh feel iy pemnomes bee it can be produced in quantity immediately and 

placed on your production line. In short, no 

matter what type of component you are 

encapsulating, no matter what your facilities are 

now, there is an epoxy form and method just 

for you—from EPOXY PRODUCTS! Write today for 

complete technical data and literature. 


E-FORM CASTING POWDERS 
ly suited for pr 


hardener ideal j ( eae Por : * 
Melts as low as 85°C or as hi for fast . 
| Test epoxy encapsulation Pa: 


in your own lab! 


A special kit containing generous 
samples ofall 5 forms of epoxy resin, 
plus instructions, is available. Use 
it to test epoxy encapsulation on your 
own products—right in your own lab! 
Only $9.93 from your distributor, 


PRODUCTS, INC. 


A Division of Joseph Waldman & Sons 
137 Coit Street, Irvington 11, New Jersey 


EPOXY LIQUID AND HARDENER f ay 
not tolerate elevated temperature 
and hardeners w 
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BODINE 
In Leading 


Sanborn Oscillographic Recording 
Instruments 


oe oe : _ 
The element of time is very important in | 
recording electrical and physical proper- || 
ties... and this is one of the reasons that |ff 


Bodine synchronous motors are used to 
power Sanborn Oscillographic Recording 
instruments. These units can operate at 


nine different paper chart speeds, and the |} 


motor that powers the chart moving mecho- jj 


nism must respond quickly, and be capable 
of operating at any of the pre-determined 
constant speeds. Over the years Bodine 


motors have met Sanborn’s requirements 7} 
for constant speed, minimum noise, uniform | 





performance and !ong life. 


; 


=te)a)INI= 


gelatldilel| 


horsepower 


MOTORS 


MOTORS 


Products... 


| To provide a complete record of what 


happens during a power failure, Esterline- 
Angus developed an external motor attach- 
ment for their recorders. When a power 
outage occurs, the Bodine motor driven 
attachment takes over and increases chart 
speed to %” per second to record these 
split-second occurrences. 

The ability to start fast, accurately main- 
tain the necessary speed and operate quietly 
are the main motor requirements. Itwas also 
necessary that both AC and DC motors 
have the same mounting dimensions. Ester- 
line-Angus found that Bodine motors made 
their external drive less cumbersome. 


BODINE ELECTRIC CO. 
2256 W. OHIO ST., CHICAGO 12 


\ BODINE ... the power behind the leading products 


12 to 16 week delivery on fractional horsepower motors 
265 different stock types and sizes ready for fast shipment! 
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How to make 
motors last 
longer 


Proper maintenance is 
your best insurance for 
obtaining good service 
and long life from frac- 
tional hp electric motors. 


Inspect your motors regu- 
larly. Twice a year in- 
spect bearings, cutouts 
and other wearing parts. 
Be sure dirt and dust does 
not interfere with ventila- 
tion, or clog moving parts. 


Check load condition. Ad- 
ditional friction some- 
times develops gradually 
in the machine your mo- 
tor must drive, and thus 
imposes an overload. 
Watch motor tempera- 
ture. Protect your motors 
with properly rated fuses 
or overload cutouts. 


Replace worn brushes. In- 
spect brushes regularly. 
Whenever a brush is re- 
moved for inspection, be 
sure it is replaced in same 
axial position and NOT 
turned around in the 
brush holder. Otherwise 
excessive sparking and 
power loss will result. 


Keep commutators clean. 
Use clean, dry cloth or 
one moistened with car- 
bon tetrachloride to re- 
move dust and oil. If nec- 
essary use No. 0000 or 
finer sandpaper. 

Watch future Bodine 
ads for additional main- 
tenance suggestions. 


Free subscription 
to ‘‘The Motorgram”’ 


Ask that your name be 
added to the circulation 
list to receive ““The Mo- 
torgram.”’ A bi-monthly 
publication, it 

discusses the 

design and 

application 

of fractional 

horsepower 

motors. 





ELECTRICAL MANUFACTURING 














JULY 
1958 






VOLUME 62 
NUMBER | 








LOUIS J. PERROTTET, Publisher 






FRANK J. OLIVER, Editor 
The Micro-Module Design Concept in Electronics 46 


A. W. Rogers 


ALEX. E. JAVITZ, Special Features Editor 


WILLIAM ARROTT, Associate Editor 
231 So. La Salle St., Chicago 


PAUL G. JACOBS, Associate Editor 
ARNOLD E. RUDAHL, Associate Editor 

' JOHN R. RIGGS, Associate Editor 
HAROLD E. BARKAN, Associate Editor 
LAWRENCE FINGERHUT, Associate Editer 







Magresium Parts In Electronic Equipment 50 
H. R. Bullock 









WILLIAM E. ANDERSON, Editorial Programming 
7~ ROBERT McK. FINK, Editorial Production 






British Magnetic Amplifier Developments 56 
D. A. Ramsay and B. W. Glover 





B. R. MESTER, Circulation Manager 
J. A. CAMPBELL 










ADOLPH I. LOSICK, Reader Reaction Director 
Machine-Tool Control Advances 63 


Staff Report 





P. T. HEFFERNAN, Business Manager 





E. M. SCHAEFER, Advertising Manager 

OLIVER B. ACKLEY, Research Director 

AL ROSE, Sales Promotion Manager 

AUGUSTUS EPPLE, Advertising Production Manager 







The Molecular Key to Dielectric Properties—a Capsule 
Physical Chemistry for the Design Engineer 72 
T. D. Callinan and A. E. Javitz 





CHICAGO, 231 So. La Salle St. 
Philip S. Griffin, Manager 
David Jealous 









CLEVELAND 
1196 Churchill Road, Lyndhurst 24, Ohio 
Kenneth F. Fairleigh 






Temperature Rise vs Current Rise of Etched Wiring Lines 93 


R. P. Noble 






NEW ENGLAND, Winchester Center, Conn. 
David W. Cole 





NEW YORK, 1250 Sixth Ave. 
Robert G. Drake 

Charles P. Gass 

Francis J. McKinley 


James Sullivan 


Standard Test Panel for Printed-Wiring Boards 98 
LeRoy Cota, C. C. Petersen and F. D. Turner 







PACIFIC COAST Analyzing Specifications and Designing Circuits 100 


McDonald-Thompson 
3727 West Sixth St., Los Angeles 5 
625 Market St., San Francisco § 





Boris Beizer and Stephen W. Leibholz 











o af Gage Modules Advance Machine-Control Design 110 
Staff Report 









Published Monthly 
and Copyrighted 1958 
by The Gage Publishing Company 
1250 Sixth Avenue, New York 20, N. Y. 
Publishers to Industry Since 1892 








For Subject-Classified Abstracts of Articles 
See the “In This Issue” Section, Pages 6 and 7 oie 






LOUIS J. PERROTTET, President 
L. C. BASSETT, Vice President 
FRANK J. OLIVER, Vice President 
L. J. GOREY, Secretary 

LEONARD SKILLMAN, Treasurer 

W. J. McDONALD, Assistant Treasurer 








DEPARTMENTS 







APs 






















































Editorial content and material of Exsrc- _ = ; : 
TricaL Manuracruninc may be reprinted n is issue 6 Literature for the Design 
only with written permission of the pub- : Engi 
lishers. Checked by we ge Sie Research Horizons 9 ngineer . 227 
and by Applied Science echnology a ee 
Index (Industrial Arts Index). Accepted Plus or Minus 12 Association Activities 236 
as controlled circulation publication at f . Calendar of Meetings 236 
Philadelphia, Pa. Member: National Busi- : . . gs « 
ness Publications, Inc., Business Pub- This Month s Cover 14 Book Reviews 238 
lications Audit of Circulations, Inc. ~ : “ J c 

Those engaged in the design engineering Editorial 45 Engineering Standards 240 
of electrically operated machinery, ap- M P I d : 
pliances and equipment in the U. S. may Design Trends 114 “ten in n ustry : 242 
qualify to receive Exvecraica. Manurac- ee ee) ee é Company Briefs 
jor mse monthis, without benefit of paid New Components dnid Mateviale 196 pany lets , 244 
subscription. The publication is available , Ss s\ ais a — 
to all others in the U. S. @ $15.00 per Reprints Available . 248 
annum, $1.50 per single copy. Foreign sub- Laboratory and Engineering Guide to Buying 262 
scriptions are at the rate of $20.00 per an- > ’ ihe 
num. Please notify publisher promptly of Equipment Pred ae a 214 Index to Advertisers 284 
any changes in name, title or address. = 

Reader Inquiry Service Cards - 




















5 P For the new expanded “Research Horizons” department, turn to page 9 






JULY 1958 


MPLETE tne 0: 


up to 4 contacts 


2 Normally Open 
2 Normally Closed 
Measures only 

3-5/16" high x 2-5/8" wide! 


up to 6 contacts 
4 Normally Open 
2 Normally Closed 
Measures only 
~ 3-11/16" high x 2-13/16" wide! 


up to 1O contacts 


Either 6 Normally Open and 
4 Normally Closed or 
8 Normally Open and 
2 Normally Closed 
Measures only 
5" high x 3’ wide! 


600 VOLTS 10 AMPERES LONG LIFE 
ALL THREE SIZES HAVE 
IDENTICAL MOUNTING HOLE DIMENSIONS 


ECaM HEAVY INDUSTRY ELECTRICAL EQUIPMENT...NOW AP 


SQUARE J) COMPANY 


ELECTRICAL MANUFACTURING 





Take Them Apart in ZO seconds...from the Front! 
Not One Bit of Tear-Down Space Needed! 


MOUNTING SIMPLIFIED OUTSTANDING PERFORMANCE 
All three sizes have identical Balanced construction 


mounting hole dimensions reduces wear on single 


moving part...results in 
long life and safeguards 
against down-time 


RESISTS DAMAGE 


Plastic impregnated 
molded coil is unbreakable, 
operates cooler, is dimen- 
sionally stable and impene- 
trable by water and oil 


20-SECOND 
DISASSEMBLY 


Simply loosen two 
screws and the en- 
tire device is disas- 
sembled for normal 
maintenance 


PACKAGED PARTS KITS 


make normal maintenance for the Complete Story, 
easier than ever. Any way you write for Bulletin 8501-D 


look at it, these new relays are Address Square D Company, 
tops. Small in size—long on 4041 North Richards Street, 
features and performance Milwaukee 12, Wisconsin 
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In This Is 


Design Considerations 
Packaging, Electronic 


Your Classification: 


The Micro-Module Design Concept in 
Electronics 


Expansion applications for electronics in modern military 
operations make further reductions in size and weight a 
primary goal for equipment design engineers. Traditional 
methods of simply scaling down conventional component parts 
have about reached practical limits. Reasons for the required 
new approach are outlined in this article, together with a 
summary of the Signal Corps Micro-Module Program. 


A. W. Rogers, U. S. Army Signal Research and Development 
Laboratory, Fort Monmouth, N. J. 


Electrical Manufacturing 
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Basic Science and Engineering 
Chemistry 

Materials, Electrical /Electronic 
Electrical Insulation and Dielectrics 


Your Classification: 


The: Molecular Key to Dielectric 


Properties .. . a Capsule Physical 
Chemistry for the Design Engineer 


The equipment engineer has a “need to know” the physical 
chemistry of engineering materials so as to properly evaluate 
and apply them. The basic principles are common to ll 
materials but are related here principally to dielectrics. Gase- 
ous, liquid, and solid dielectrics are discussed, with emphasis 
on the physico-chemical effects on dielectric properties. 


T. D. Callinan, International Business Machines Corp., Pough- 
keepsie, N. Y., and A. E. Javitz, Electrical Manufacturing, 
New York, N. Y. 


Electrical Menvofacturing 
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Design Considerations 
Space and Weight Factors 
Product Design Case History 
Industrial Machinery 


Your Classification: 


Gage Modules Advance 
Machine-Control Design 


The adaptation of basic design principles such as modular 
construction, plug-in components and connections, and sliding- 
panel circuit subassemblies to gaging instruments and controls 
is described. Applications. of the gages are to machine tools, 
parts segregation systems and automatic assembly machines. 


Staff Report 
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Materials, Mechanical /Structural 
Metals 

Design Considerations 
Space and Weight Factors 


Your Classification: 


Magnesium Parts in Electronic 
Equipment 


Magnesium is being used to solve difficult space-strength- 
weight problems through its substitution for other metals. 
Design data in the form of charts and tables are presented 
to supplement design considerations necessary for lightweight 
electronic structures. Two case histories of superior design 
with magnesium are presented. One is a pulse modulator and 
the other a practical electronic package application. 


H. kK. Bullock, Raytheon Manufacturing Co., Maynard Labora- 
tory, Maynard, Massachusetts. 


Electrical Manufacturing 
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Components, Electrical /Electronic Your Classification: 


Printed Circuits 
Wire and Cables 

Design Considerations 
Specifications & Standards 


Temperature Rise vs Current Rise of 
Etched Wiring Lines 


A preliminary study of the current-carrying characteristics of 
etched (printed) wiring lines. The basic theory of the subject 
is presented. Although the general theory applies to all plastics 
laminates used as printed-wiring boards, this first phase is 
concerned only with the epoxy-glass laminates. The tempera- 
ture rise vs current rise for various sizes of lines has been 
determined. Recommendations for future temperature rise 
studies are detailed. 


R. P. Noble, Sandia Corp., Sandia Base, Albuquerque, N. M. 
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this month’s 
DESIGN TRENDS... 


(starting on page 114) 
Drawing Standardization Speeds Component Selec- 
tion 
Epoxy Encapsulation of Dry-Type Transformer 
Polyurethane Coating for Electrical Circuits 
Small Commutators Plunge-Ground on New Lathe 
Instrument Analyzes Bearing Roughness 
Cellulose Packing Material Cuts Shipping Damage 
Corrosion Problem Solved by Stainless Steel Pump 


Redesign Cuts Generator Bulk by a Third 


obtain a free copy of the ELECTRICAL MANUFACTURING 





®@ Quick interpretations of feature article content 


@ Subject-classified annotated references for clipping and pasting on standard 3 x 5 file cards 


Components, Electrical /Electronic Your Classification: 
Magnetic Components 

Control 
Systems and Servos 


British Magnetic Amplifier 
Developments 


Beginning with the basic Ramey circuit, various configura- 
tions of magnetic amplifiers, some with transistor control, are 
developed and their uses in practical applications are de- 
scribed. Many circuits are illustrated and the physical con- 
struction of some experimental models using the circuits is 
shown. 


D. A. Ramsay and B. W. Glover, Stanmore Laboratories, 
General Electric Co., Ltd., Stanmore, Middlesex, England. 
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Components, Electrical /Electronic 
Printed Circuits 
Wire and Cables 

Design Considerations 
Specifications & Standards 


Your Classification: 


Standard Test Panel for 
Printed-Wiring Boards 


Description of specially developed specifications and associated 
standard test panel for the procurement of high-quality printed 
wiring boards for exacting military requirements. Only epoxy- 
glass laminate is permitted as base material. Conductive 
surface is required to have gold-plated finish. 


LeRoy Cota, C. C. Petersen and F. D. Turner, Motorola, Inc., 
Phoenix, Ariz. 


Electrical Manufacturing 
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this month’‘s 
RESEARCH HORIZONS... 


(starting on page 9) 


Electromedical Instrument Research in England e Non- 
Ferromagnetic Ferromagnetism e Basic Research in the 
Communication Sciences e Studies in Appearance of 
Engineering Materials e Electron-Beam Machining for 
Ultra-Hard Metals e Capsule Notes on Research Re- 
ports e Research-Type Solar Furnace e Standard Sam- 
ples of High Temperature Alloys e plus a Research 
Note on Electroluminescence Phenomenon in Digital 


Indicator Design. 


Subject Classification, circle Number 738 on page 17. 


Control Your Classification: 
Systems & Servos 


Machine-Tool Control Advances 


Summary of selected reports presented at the 22nd Westing- 
house Machine-Tool Forum. These range from component and 
system developments to design and maintenance considerations 
in machine-tool control technology. 


Staff Report 
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Basic Science and Engineering Your Classification: 


Mathematics 
Computers 

Computer Design 
Control 

Theory 


Analyzing Specifications and 
Designing Circuits 


How to transform a set of requirements into synthesis maps 
for correcting contradictions or ambiguities, and how to synthe- 
size the boolean functions of the final circuit from the cor- 
rected map analyses of the specifications. Third of five articles 
on “Engineering Applications of Boolean Algebra.” 


Boris Beizer, Airborne Instrument Laboratories, Mineola, N. Y., 
and Stephen W. Leibholz, Republic Aviation Corp., Farming- 
dale, N. Y. 
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Electrical Manufacturing 


COMING UP... 


A leading article in the August issue will tell how 
Transistor Circuits Alter Frequency Response of Magnetic 
Amplifiers .. . Part IV of the series on the Engineering 
Applications of 8volean Algebra will deal with State 
Coding and how it may be used to reduce an unwieldy 
number of variables in a Karnaugh map analysis of a 
circuit design . other articles on Ferrites for High- 
Power R-F Tuning Control Systems Philosophy in 
Specification of Components . . . Automatic Circuit Ana- 
lyzer . . . Microminiature Packaging of Electronic Circuits 

Superthin Bonded Insulating Films . . . Reliability 
Appraised Statistically . . . Overheat Protection for Three- 
Phase Motors . . . more on Glass to Metal Seals . . . plus 
a staff report on D-C Servos. 





Hyfen ends the need for time consuming 
solder operations — and the high 


gejection rate inherent with solder. 


& 
Pins and sockets are speedily crimped 
a i S fa on wire ends by automatic installation 
tooling — or where more convenient, by 


bench or hand tools. Dies control 
and provide a uniform depth of indent 


which can be inspected by depth 
Owar micrometer assuring absolute unvarying 
reliability. Crimping may be done 


before or after harness is in place. 
Hyfen meets or exceeds MIL specifications 


im 
for voltage drop, dielectric strength, 
all Oma ion contact engaging force, and contact 
retention force. It provides high corrosion 


resistance since there are no fluxes 
or dissimilar metals involved. Fioating 


Crimped 
pins and 
sockets f = = contacts in both plug and receptacle 
snap-locked 0 wir make tor uniform mating and disconnecting 
in plug forcs by the alignment flexibility provided. 
or receptacie. Hyfen principle is not limited as 
pestiutetund etvautt to size, shape of plug and receptacle 


nor to number or size of connections. 
removal or arnesses Wire for bulletin. 
gang disconnect. Burndy, Norwalk, Connect. 
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Non-Ferromagnetic 
Ferromagnetism 


Under cryogenic temperature condi- 
tions, an intermetallic compound that 
does not contain any of the commonly 
known ferromagnetic elements may ex- 
hibit ferromagnetic characteristics 
when subjected to ultra-low (cryo- 
genic) temperatures. Experimental 
work with a zirconium-zinc compound 
by B. T. Matthias at Bell Telephone 
Laboratories has led to this conclusion, 
since the ZrZny compound becomes 
ferromagnetic below 35 Kelvin. The 
ferromagnetic characteristics were 
found to be similar to and of the same 
order of magnitude as those shown by 
conventional ferrites at room temper- 
atures. 

A powerful research tool in the field 
of magnetism and magnetic materials 
may be the result of this discovery. 
Heretofore it has been tacitly assumed 
that no ferromagnetism can occur in an 
intermetallic compound unless it con- 
tains at least one strongly paramag- 
netic element (iron, cobalt, nickel, 
chromium, manganese, or certain rare 
earth metals). 


Basic Research in the 
Communication Sciences 


The new Center for Communication 
Sciences at M.I.T. will be devoted to 
the study of the communication func- 
tions of the nervous system and of 
such machines as computers, and to the 
methods of communication between the 
two. Essentially, the Center will seek 
to advance research into these areas: 
(1) how to relate man effectively to 
the devices that he has to operate, and 
(2) how to match informationally the 
inputs and outputs of these devices with 
his capacities. 

The Center will be concerned with 
basic research that has no direct mili- 
tary application. The work will be of 
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collaborative nature between mathe- 
maticians, electrical engineers, _lin- 
guists, psychologists, physiologists and 
members of other disciplines. Leader in 
forming the Center is Dr. Jerome B. 
Wiesner, director of the Research Lab- 
oratory of Electronics, where there has 
been a previous concentration in this 
field of work. Experimental studies that 
have been carried out by the various 
members of the communication sciences 
group include: 


e Translation of languages by ma- 
chine. 

e Electronic devices for aiding the 
blind and deaf. 
Synthesis of human speech. 
Compression of speech; elimina- 
tion of all aspects except those 
that carry essential meaning. 
Analysis of electrical activity of 
the brain by electronic computers. 


Electromedical Instrument 
Research in England 


Hospital-sponsored research in  ad- 
vanced electromedical equipment and 
instruments is not new, but the par- 
ticipation of hospitals in professional 
society exhibits is somewhat of a de- 
parture. At the recent Physical Society 
Exhibition in England, several hos- 
pitals displayed the results of their 
work in this field. The emphasis, as re- 
ported by one of our British corre- 
spondents, was on electronic devices. 
Here are some capsule descriptions: 


e A portable (12 x 8 x 7 in.) tran- 
sistorized square wave generator for 
physiological use was exhibited by the 
Guy’s Hospital Medical School. The 
device is used to investigate the refrac- 
tory period that follows the passage 
of an impulse along a nerve. Maximum 
amplitude is 20 volts in an output im- 
pedance >2000 ohms. The device util- 


izes 22 junction-type transistors. It is 
powered by a 24-volt dry-cell battery. 


e An obstruction-free electromagnetic 
flowmeter for use in an artificial heart- 
lung machine was shown by St. Thom- 
as’ Hospital. Linear flow is up to 50 
liters per min. 


e Also exhibited by St. Thomas’ was 
a double-channel electromyograph for 
muscle and nerve fiber studies. The in- 
strument utilizes a 19-track magnetic 
drum signal memory. 


Two other highlights: (1) Transis- 
tors and their applications dominated 
the exhibit, beating computer compo- 
nents “by a short head.” (2) Consider- 
able interest is still shown in single 
crystals, divided more or less evenly 
between the optical, semiconductor and 
ferroelectric interests. 


Electron-Beam Machining 
for Ultra-Hard Metals 


Design use of ultra-hard metals may be 
facilitated by means of a machining 
method developed in Germany. Nor- 
mally, fabrication of the newer high- 
melting metals such as tungsten, molyb- 
denum, columbium or titanium creates 
special problems. Machining rates may 
be slower owing to the “high hardness” 
of these metals and their excessive 
work-hardening qualities. Similar prob- 
lems are experienced with certain 
metallic oxides or ceramics. 
Electron-beam machining is related 
to electron bombardment melting. A 
beam of high speed electrons is care- 
fully focused on the work to drill a 
hole or cut out a complex pattern. To 
date, this method has been used only 
on a_small scale, principally on 
ceramics and diamonds. However, when 
new materials are developed that can- 
not be machined by conventional 
methods, some production-basis modifi- 
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cation of electronic-beam machining 
may be adopted. 

This new technique was described in 
detail by E. C. Bishop, Westinghouse 
Materials Manufacturing Department, 
at the 22nd Annual Machine Tool Elec- 
trification Forum, April 29-30, Buffalo, 
Aa 


Research-Type 
Solar Furnace 

A fully-automatic electronic solar 
tracking system is an outstanding fea- 
ture of a research-type solar furnace 
developed by Thermal Dynamic Prod- 
ucts, New York (division of Waltham 
Precision Instrument Company). The 
tracking system makes it possible to 
maintain precise alignment of the para- 
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bolic lens with the sun. Motor-driven 
remote controls are provided for sample 
positioning and temperature adjust- 
ment. Temperatures can be adjusted to 


any desired operating level up to 7000 


Solar Furnace on Wheels: Mobile re- 
search-type solar furnace made by Ther- 
mal Dynamic Products provides tem- 
peratures up to 7000 F for high-tempera- 
ture studies. 


F. Maximum temperatures are attained 
immediately. 

This type of furnace is employed in 
studies of materials behavior under ex- 
treme temperature conditions such as 
may exist in missiles and _ nuclear 
reactors. The heat is supplied as “pure” 
heat. It is free of contaminating chem- 
also from the effects of 
Atmos- 


ical influences; 
electrical and magnetic fields. 
pheric are controlled — by 
means of a hemispherical bell jar test 
chamber. The entire furnace is mobile 
(see illustration). 


pressures 


Capsule Notes on 
Research Reports 


Summary of the research and develop- 
ment activities of the National Bureau 
of Standards during 1957 is given in 
its 143-page annual report (NBS Mis- 
cellaneous Publication 223), available 
at 45¢ per copy from the Superinten- 
dent of Documents, Washington, D. C. 
The Bureau’s major responsibilities in- 
clude maintenance of basic standards, 
determination of physical constants and 
properties of matter, development of 
methods and instruments of measure- 
ment, as well as calibration, testing and 


Electroluminescence Phenomenon in Digital Indicator Design 


IN MANY FORMS of instrumentation there is 
a strong trend toward presentation of visual 
information in digital rather than analog 
form. This is evidenced by the 
selection of digital volimeters and counters. 
The phenomenon of electroluminescence 
provides great potential for a wide range 


growing 
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Fig. 1—Westinghouse electroluminescent 
indicator segment pattern. Segments may 
be selectively excited in combinations to 
produce numbers from 0 to 9. 


of information display application. Several 
recent developments in electroluminescent 
indicators are of 


digital interest. 


e A Westinghouse approach employs a 
front electrode consisting of a transparent 
conducting layer on the back of a glass 
plate. A plastic-phosphor dielectric is 
sprayed on and an aluminum film is evapo- 
rated on the dielectric in the desired pat- 
tern. When an a-c potential is applied 
between the common transparent coating 
and one or more of the segments of alu- 
minum film, the time-varying gradient 
through the phosphor excites it to lumi- 
nescence. The color of the light output 
is dependent upon the phosphor composi- 
tion and the applied excitation frequency. 
By applying excitation to selected segments 
of a pattern such as that shown in Fig. 1, 
any numeral from 0 to 9 may be formed. 
Image fringing around the electrode seg- 
ments is almost negligible because the 
plastic-dielectric film need be only a frac- 
tion of a mil thick. 


e Sylvania recently announced three types 
of luminescent devices under the generic 
family name of “Sylvatron.” The Sylvatron 
panels are electroluminescent glass or metal 
squares controlled by a photo-conducting 


element which enables them not only to 
produce light, but also to produce images. 
these types are 


Several combinations of 


under development. 


types are: (1) An 
which the 


@ The three basic 
electroluminescent panel on 
position of a mobile dot of light can be 
manipulated electrically. (2) A display 
panel which optically reproduces the track 
of a mobile spot of light. The image thus 
created can then be held or “stored” in- 
definitely in visible form on the panel. (3) 
An electroluminescent panel which optical- 
ly can reproduce a motion picture with 
good resolution and rapid response. 


e The first consists of a flat glass alter- 
nately coated with horizontal conductive 
strips, an electroluminescent layer, and 
vertical conductive strips. The strips are 
about 3/64-in. wide with an insulating 
gap of 1/64 in. between strips. 


e A 2-in. square would thus have 32 con- 
tacts horizontally and 32 vertically. By 
connecting a-c power to any horizontal 
contact and to any vertical contact, the 
small square at the intersection becomes 
brightly luminescent. Thus, any one of 
the 1,024 squares can be lit individually. 
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scientific advisory services. Two impor- 
tant accomplishments are highlighted: 


e An extremely precise interferom- 
eter that compares lengths to the 
nearest 10-millionth of an inch. It will 
be employed to check lengths of the 
master gage blocks used in industry to 
tolerances of 


control mass-produced 


machine parts. 

e An automatic scanning device for 
data-processing systems that permits a 
digital computer to accept automati- 
cally an image from a photograph into 
its memory. The device then repro- 
duces a facsimile copy from its memory 
or displays the image as modified by 
internal processing. 


Studies in Appearance 
of Engineering Materials 


Long-pending investigation of the ap- 
pearance factors of engineering ma- 
terials is expected to culminate in a 
nine-chapter manual now projected by 
ASTM Committee E-12 on Appearance. 
Publication date has not been fixed, but 
chapter assignments have been made 
and will cover classification of appear- 


e The second is a display panel or a light 
storage device which is slightly different 
from type 1. A piece of conductive glass 
with an electroluminescent coating is used. 
On top of this are cemented an array of 
small glass columns approximately 1/32-in. 
square with a 1/32-in. spacing to adjacent 
columns. This presents a “waffle iron” 
effect. Black glass is applied to the web- 
bing between individual columns to pre- 
vent “crosstalk.” Each column has a 
conductive cap on both top and bottom 
and a photo-conductor layer for connec- 
tions. A top conductor of perforated metal 
mesh or conductive glass is then cemented 
to the top conductive caps of the columns, 
joining all of them together. 


e@ When a-c power is applied to the two 
conductive coatings—one below the elec- 
troluminescent layer and the other on top 
of the conductive caps—and a spot of trig- 
gering light of short duration is applied 
to an individual column, either from front 
or back, the photo-conductor transmits 
a-c power and the electroluminescent dot 
under the column lights up. The feedback 
of this light into the column is sufficient 
to keep the photo-conductor active so that 
the dot remains lit even after the triggering 
light is shut off. Each dot will remain dark 


ance attributes, evaluation by visual 
and instrumental means, scales and 
tolerances for appearance, measure- 
ment and control techniques, and pub- 
lished methods for appearance meas- 
urement. Also to be included are terms, 
definitions and a bibliography. 


Standard Samples of 
High-Temperature Alloys 


Under the impetus of demands for 
alloys to serve in ultra-high-temperature 
environments, the National Bureau of 
Standards has initiated a program on 
standard samples of such alloys. Some 
17 commercial types of alloys are 
covered for spectrometric and chemical 
analyses. The program also includes re- 
search on new and improved methods 
of analysis. 

The principal alloying elements of 
these compositions are iron, nickel and 
cobalt in various proportions. Lesser 
amounts of carbon, manganese, silicon, 
chromium, molybdenum, tungsten, nio- 
bium, titanium and aluminum may be 
added. Minor or trace elements present 
in the alloys, such as boron or zirco- 
nium, may have marked effects on their 
properties. 


until triggered, and wili remain lit after 
triggering until the power is interrupted. 
The dot can remain lighted from a frac- 
tion of a second to a number of hours, 
as desired. 


e The third type consists of a flat con- 
ductive glass square coated with an elec- 
troluminescent layer, a photo-conductive 
layer and an electrically conductive layer. 
By applying a-c power to the conductive 
layers and by applying or projecting a 
light image or picture to the back of the 
screen, the image or picture, consisting of 
thousands of dots of light, is reproduced 
on the front. 


e In its present state of development, this 
device is a frequency converter, changing 
red or infrared light into blue or green 
light. 


e Combinations of these three types lend 
themselves to certain applications. A com- 
bination of types 1 and 2 can convert elec- 
trical data into “pips” of light, or a track 
of light, and store this resulting light com- 
bination. This could be visually repro- 
duced as numbers, letters, or pictures. 


@ A combination of types 1 and 3 could 
electronically (as opposed to optically) 
reproduce motion pictures. 
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Improved methods of X-ray and op- 
tical spectrometric analysis now being 
developed should be especially useful in 
meeting the need for rapid analyses. 
Chemical analyses, owing to the com- 
plex nature of the alloys, are usually 
difficult and time-consuming. 

The NBS program is being conducted 
at the request of the Navy Bureau of 
Aeronautics and the Wright Air De- 
velopment Center. 


Which Age are You 
Living In? 

We wish some appropriate 
would standardize the nomenclature for 
The Age in Which We Are (Presum- 
ably) Living. We had just about be- 
come used to living in the Atomic Age, 
when someone switched signals and it 
became the Space Age, and then a week 
or so ago we woke up to our breakfast 
coffee and New York Times to find that 
we were hell-bent for the subway in the 
Age of Ballistic Missiles! 

Just as long as we don’t get astro- 
nautical and ballistic motifs in our ap- 
pliance designs (and associated TV 
commercials) we'll manage to survive. 


—A.E.J. 


agency 


e@ Part of the developmental work at Syl- 
vania was carried on as a _ co-operative 
project with the Massachusetts Institute 
of Technology Lincoln Laboratory. 


e A complete description of the Sylvania 
devices is given in a paper by K. H. Butler 
and F. Koury, AIEE Paper No. CP 58-151. 
The Westinghouse indicator is described in 
AIEE Paper No. 58-150 by E. A. Sack. 
P.G.J. 
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Fig. 2—Sylvania type 2 display panel 
cross section. 





SOLDERING LUGS 
* TERMINALS e 
PRINTED CIRCUIT 
HARDWARE 


Tell us about your application and 
production requirements. We’ll 
supply your needs from our com- 
plete line—or adapt to your speci- 
fications—and show you how to cut 
costs and speed up production! 


@ Miniature Tubular Terminals, 
Wire Wrap Terminals and 
Contacts for Automated Printed 
Circuit Applications 


@ Solderiess Crimp-on Terminals 
@ Line Cord Interlock Terminals 


e Automatic terminal inserting, 
crimping and staking machines 


Contact us today. Send blue print 
or specifications for specific infor- 
mation. Request bulletins for gen- 
eral information. 








TOOL and MANUFACTURING CO. 





4021 W. LAKE ST. + CHICAGO 24, ILL. 
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Pius or Minus 


Random Comments of the Editors and Readers 


Measurements and Standards 


Today’s vital interest in science, to- 
gether with the ever-increasing need 
for instrumentation, is a challenge for 
the improvement of standards and 
measurement techniques. 

In no field is this challenge greater 
than in electronics. The complexity 
of modern electronic devices requires 
that instrumentation and measurement 
techniques be based upon well-ordered 
systems of standards. To provide a 
means for interchange of ideas in this 
field on a national level, the AIEE, IRE, 
and National Bureau of Standards are 
sponsoring a conference during August 
of this year. 

The 1958 conference will be held at 
the NBS Boulder Laboratories, Boulder, 
Colorado, August 13-15 and will be 
divided into six main sessions: Rela- 
tionship of Standards to Physical 
Constants, Frequency and Time Interval 
Standards, Direct-Current and Low- 
Frequency Standards, Radio Frequency 
Standards, Microwave Standards, and 


The Organization and Operation of 
Standards Laboratories. 

The conference will be devoted to 
new developments, techniques and 
problems of measurements. More de- 
tails will be published at a later date. 


The “Social Content’ 
of Product Design 


Design engineering needs an awareness 
of the humanities. The engineering con- 
tent of a product is enriched by what 
may be termed its “social content.” 
The measure of this social content may 
be the measure of how well the product 
fulfills its obligations to society in terms 
of efficiency, service, contribution to 
overall economy and better living stan- 
dards (not necessarily only on the ma- 
terial level). This point of view has 
been advanced in these pages several 
times—for example, the editorial, 
“Product Design and the Humanities,” 
February 1957, p 69. 

It is encouraging to see the same 





QUOTES AND QUESTS 


e Sources for low-cost rugged d-c 
motors and relays 


“We have found it difficult to obtain 
sources for our components in low-voltage 
d-c systems. We manufacture a large 
number of self-contained units for ma- 
terials-handling purposes, and_ sincerely 
believe that for this type of service there 
is an opportunity for someone to develop 
somewhat heavier-duty equipment than now 
prevails in the automotive field. The con- 
tactors we are now interested in are 12- 
volt d-c units for operating conventional 
automotive d-c motors. We are also in- 
terested in 12-volt series and compound 
motors approximately the size of starter 
motors with higher efficiencies and designed 
for longer-duty cycles."-—N. Warshaw, 
Mer. Materials Handling R & D, The 
American Pulley Co., 4200 Wissahickon 
Ave., Philade’phia 29. 
“We are interested in a special brazing 
solder known as BNC, used in France for 
joining copper to aluminum. This was 
mentioned in your ‘Research Horizons’ for 
January. Can you supply us with the source 
of this item and any other pertinent infor- 
mation relative to the use of this material, 
and the name of the manufacturer of the 
alloy?” M. J. Bolton, Supervisor—Ma- 
terials Engineering Laboratory, General 
Electric Company, Rome, Georgia. 


“The manufacturer of brazing solder BNC 
is OTALU, 23 Blvd. Richard Lenoir, Paris 


e Copper-to-aluminum solders 
e Bi-directional stepping relays 


11, France. Another firm, Castolin-France, 
recommends brazing solder Castolin No. 19 
used without pickling solution, but also 
cautions the user against galvanic effects 
between copper and aluminum in contact. 
Castolin has a branch in New York: 
Eutectic Welding Alloys Corp., Flushing.” 
—P. Obermosser, Faubourg del Belfort, 
France. 


For use in a control system, a prominent 
machine-tool builder reports that appar- 
ently no one in this country produces a 
stepping switch that operates in both 
directions, and has resorted to a foreign 
source. Ray Fenn, Chief Electrical En- 
gineer of New Britain-Gridley Machine Co., 
New Britain, Conn., states: “Our require- 
ment was for a device which would both 
add and subtract impulses so that we 
could read out the algebraic sum at will. 
We could not locate a domestic source for 
such a device but found that they were 
manufactured in England. We now use 
these switches, which are in stock supply 
in this country, but we are still not com- 
pletely satisfied. We actually need a bi- 
directional stepper with normally-off 
contacts.” 


Readers are invited to air their “who 
makes it” and “why don’t they” 
problems. Answers and comments are 
also welcome. 
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Fansteel Contacts were not available to Orville 
Wright and his brother in 1903. But it was 
only a short time before the aviation pioneers 
started to re/y upon Fansteel Contacts for never- 
fail performance. 


In most products, dependable operation of the 


many component parts is important. In the 
air, it is essential . . . 99.99% perfection is not 
enough. Fansteel electrical contacts proved 
their 100% reliability early. Since then, avia- 
tion design engineers have turned to Fansteel 
almost by habit for contacts that guarantee 
sure and safe operation. 


HOW TO PUT FANSTEEL’S EXPERIENCE TO WORK FOR YOU 


Working on a new idea or a product change? 
If so, now is the time to call Fansteel engineers 
and metallurgists into the picture. By starting 
early, we can help you determine: the most 
suitable and economical material . . . the cor- 
rect size, shape, and contour . . . the surest and 
most cost-saving method of assembly. 


Sometimes the answer to your specific electri- 


cal contact problem is a brand new devel- 
opment worked out by Fansteel in close coop- 
eration with your own engineers. More often 
than not the solution is already in our files. 
Either way, Fansteel’s experience can save 
you time and money while helping you find 
the best electrical contacts for the job. A call 
to the Fansteel representative in your area 
will get us started. 


FANSTEEL METALLURGICAL CORPORATION, NORTH CHICAGO, ILLINOIS, U.S.A. 
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concept being advanced in technical 
meetings, such as the Western Joint 
Hi Computer Conference to be held in 
eVWuduest makes them sy “wal to be 
San Francisco, March 3-5, 1959. 
sion, described as of “speculative na- 
ture,” is projected on the “Philosophy 
and Responsibility of Computers in So- 
ciety.” The papers are expected to deal 
with the “philosophic and/or social 
implications of the widespread applica- 
tion of automatic computer techniques.” 


A ses- 


We hope similar “speculative sessions” 
will become part of many more tech- 
nical and scientific meetings. . . . It 
wouldn’t do any harm, we suggest, to 
explore the responsibility of overblown 
automatic kitchen design to surburban 
society. A.E.J. 


Department of 
Over-Classification 
A recent analysis of research and de- 
velopment projects issued by a Gov- 
ernment agency establishes a record 
of some sorts for meaningless classifi- 
cation. Included in this analysis is the 
following: 
Class of Product 
Miscellaneous & General 
Nature of R & D 
Miscellaneous 
Primary Objective of R & D 
Miscellaneous 


Well, now, that’s pinpointing it! 


midget commutators 


for big performance in /ittle places 


ys , 


% vsomuces Sf 
acyuas®® 483 STOCK MOLD SIZES 


ROUND AND ROUND THEY GO AND GO AND GO 


From midget to jumbo size, Triple M Molded 
Commutators are built for exacting tasks by men 
skilled in the correct combinations of plastics and  gpysn caps + BRUSH HOLDERS 
metals. MMMidget commutators are part of a line 
of precise electric motor components... 483 
stock mold sizes .. . Brush Caps and Holders, 
Commutators and Slip Rings. Send your prints or 


) ble Triple M d . 
eet ee COMMUTATORS + SLIP RINGS This Month’s Cover 


, ind ! 
Let's talk motor components . . . the best kind! a eee eae ae oe 


chemical basis of materials properties 


e * : and applications. The composition is 
se f evolved from the Periodic Table of 
: Elements against a background of elec- 


AND MANUFACTURING COMPANY trical end products. It strikes the theme 
of the 21-page article beginning on page 

72, “The Molecular Key to Dielectric 

TOOLING / COMPRESSION / INJEGTION Properties—a Capsule Physical Chemistry 


for the Design Engineer.” (The typo- 
123 ROTARY DRIVE GURNEE 96, ILLINOIS graphic arrangement of the table origi- 





nally appeared in the Westinghouse Enxi- 
neer.) 


Se ae a. aed dete eee mee ae 
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thousands of combinations for 
REMAOTE CONTROL 
SWITCHING 


OAK OAK 


rotary low-current 


To} = fe} i oh SWITCHES 


“Mfd. under license from 
G. H. LELAND, INC 


The variety of Oak switches 

is almost limitless. Combined 

with Oak rotary solenoids, they provide 

an assortment of Rotary Selectors that 
covers almost any low-current application— 
simple or complex, military or commercial. 
Oak Rotary Selectors give a positive 
stepping action, even under severe vibration 
and shock. To help you get the exact 
remote-control unit you require, Oak 
engineers will be glad to work out special 
recommendations. Write for copies of 

the Oak switch catalog and rotary solenoid 
bulletin with time-saving layout sheets. 


SWITCHES @ ROTARY SOLENOIDS ¢ - mre 
CHOPPERS © SPECIAL ASSEMBLIES ¢ co. 
VIBRATORS @ TUNERS 


1260 Clybourn Avenue, Dept. H, Chicago 10, Illinois 
Phone: MOhawk 4-2222 








JULY 1958 Circle 111 on page 17 





TAKE YOUR PICK FROWN... 


THE SPRAGUE TRANSI-LYTIC FAMILY 


of Eiia electrolytic capacitors 
for every requirement in entertainment electronics... 
radios, wireless microphones, miniature tape 


recorders, auto receivers 


LITTL-LYTIC* 
CAPACITORS 


Sprague’s new Type 30D her- 
metically-sealed aluminum- 
encased capacitors are the tiniest 
electrolytic capacitors made to 
date ... and their performance is 
better than ever. Their remark- 
able reliability is the result of a 
new manufacturing technique in 
which all the terminal connections 
are welded. No pressure joints... 

0 “open circuits” with the passage 
of time. And check this for ultra- 
low leakage current: for a 2 uf, 
6 volt capacitor ... only 1.0 ya 
max.; for a 300 uf, 6 volt ca- 
pacitor ... 3.5 wa max.! Engineer- 
ing Bulletin No. 3110 gives the 
complete story. 85°C standard. 


VERTI-LYTIC* 
CAPACITORS 


These space-saving Type 89D 
lytics are designed for easy man- 
ual upright mounting on printed 
wiring boards. Keyed terminals 
assure fast mounting and correct 
polarity. No reworking on the 
assembly line. Sturdy pre-molded 
phenolic shell with resin end-fill 
gives excellent protection against 
drying-out of the electrolyte or 
the entry of external moisture. 
The phenolic case eliminates the 
necessity for additional insula- 
tion. Reasonably priced for mass 
production receivers. Engineer- 
ing Bulletin No. 3060 lists stand- 
ard ratings with performance 
data. 


Cera-lytic® 
CAPACITORS 


The ideal capacitor for appli- 
cations where low cost is the pri- 
mary consideration is Sprague’s 
new Type 31D. Capacitor sec- 
tions are housed ina dense steatite 
tube with resin end-fill to provide 
protection against mechanical 
damage and atmospheric humid- 
ity. This construction results in 
excellent capacitor performance 
for all miniature electronic cir- 
cuits. Size for size, they’re the 
smallest the industry has pro- 
duced in a ceramic-cased alu- 
minum electrolytic. Engineering 
Bulletin No. 3010 details stand- 
ard ratings and gives perform- 
mance data. 


*Trademark 


FOR ENGINEERING BULLETINS On the industry’s first com- 
plete line of subminiature aluminum electrolytic capacitors, 
write Technical Literature Section, Sprague Electric Com- 
pany, 307 Marshall Street, North Adams, Massachusetts. 


SPRAGUE 


the marko of reliability 


SPRAGUE COMPONENTS: 
CAPACITORS + RESISTORS * MAGNETIC COMPONENTS * TRANSISTORS + INTERFERENCE 
FILTERS *« PULSE NETWORKS «+ HIGH TEMPERATURE MAGNET WIRE « PRINTED CIRCUITS 


16 Circle 112 on page 17 ELECTRICAL MANUFACTURING 












OUT FOR CONVENIENCE IN CHECKING INQUIRY CARDS 


[electrical 
Manufacturing 


ONE Reader Inquiry Service post card— 
king size for legibility—will bring you in- 
formation regarding anything published in 
this issue. That goes for both advertising and 
editorial pages. 

To provide a quick facility for requesting 
further information on anything mentioned 
in the editorial or advertising pages, each 
item or ad has been assigned a key number. 
Corresponding numbers appear in the respec- 
tive grouping of the Reader Inquiry Service 
post card below. 

Simply circle the numbers that apply to the 
specific editorial items or advertisements in 
which you are interested. 

Your information requests will be for- 
warded promptly—within 48 hours of receipt 
of card. To expedite, please print or type 
your name and address, also be sure to indi- 
cate the principal product of your plant or 
laboratory. 


Advertised Products 


Circle key numbers of those advertisements if 
you desire more information about what is ad- 
vertised. 


New Components and Materials 


Reviews of new developments starting on 
page 124 


New Literature 


Latest catalog and bulletin offerings starting on 
page 227 


Reprints of Editorial Features 


Article reprints, available without charge, are 
listed on page 248 


Cards will be processed by publisher 
if received by September |, 1958 












































ADVERTISED PRODUCTS OR SERVICES NEW COMPONENTS NEW LITERATURE | REPRINTS 
101 126 151 176 201 226 251 276 301 326 351 376 401 426 451 476 501 516 531 546 561 576 591 606 621 636 651 666 681 701 716 731 
102 127 152 177 202 227 252 277 302 327 352 377 402 427 452 477 502 517 532 547 562 577 592 607 622 637 652 667 682 702 717 732 
103 128 153 178 | 203 228 253 278 | 303 328 353 378 | 403 428 453 478 || S03 518 533 548 563 578 593 608 | 623 638 653 668 683 | 703 718 733 
104 129 154 179 | 204 229 254 279 | 304 329 354 379 | 404 429 454 479 || 504 519 534 549 564 579 594 609 | 624 639 654 669 684 | 704 719 734 
105 1230 155 180 | 205 230 255 280 | 305 330 355 380 | 405 430 455 480 || sos 520 535 550 565 580 595 610 | 625 640 655 670 685 | 705 720 735 
106 131 156 181 206 231 256 281 306 331 356 381 406 431 456 481 506 521 536 551 566 581 596 611 626 641 656 671 686 | 706 721 736 
107 132 157 182 207 232 257 282 307 332 357 382 407 432 457 482 507 522 537 552 567 582 597 612 627 642 657 672 687 707 722 737 
108 133 158 183 | 208 233 258 283 | 308 333 358 383 | 408 433 458 483 || 508 523 538 553 568 583 598 613 | 628 643 658 673 688 | 708 723 738 
109 134 159 184 | 209 234 259 284 | 309 334 359 384 | 409 459 484 || 509 524 539 554 569 584 599 614 | 629 644 659 674 689 | 709 724 739 
110 135 160 185 | 210 235 260 285 | 310 335 360 385 | 410 435 460 485 || 510 525 540 555 570 585 600 615 | 630 645 660 675 690 | 710 725 740 
111 136 161 186 211 236 261 286 311 336 361 386 ai 461 486 511 526 541 556 571 586 G01 616 631 646 661 676 691 711 726 741 
112 137 162 187 | 212 237 262 287 | 312 337 387 | 412 437 462 487 512 527 542 557 572 587 602 617 | 632 647 662 677 G92 | 712 727 742 
113 138 163 188 | 213 238 263 268 | 313 338 388 | 413 438 463 488 | | 513 528 543 558 573 586 G03 G18 | 633 648 663 678 693 | 713 728 743 
114 139 164 188 | 214 239 264 289 | 314 339 364 389 | 414 498 464 489 | | 514 529 544 559 574 589 G04 G19 | 634 649 664 679 G94 | 714 729 744 
115 140 165 190 | 215 240 265 315 340 390 | 415 440 465 490 | | 515 530 545 560 575 590 605 620 | 635 650 665 680 695 | 715 730 745 
116 141 166 191 216 241 266 291 316 341 366 391 416 441 466 491 
117 142 167 192 217 242 267 292 317 342 367 392 417 442 467 482 (7) 
118 143 168 183 | 218 243 268 293 | 318 343 968 393 | 418 443 468 493) 
119 144 169 194 | 219 244 269 204 | 319 344 369 394 | 419 444 469 494 
120 145 170 195 | 220 245 270 295 | 320 345 370 395 | 420 445 470 495 | Title Dept. or Div. 
121 146 171 196 | 221 246 271 296 | 321 346 371 396 | 421 446 471 496 
122 147 172 187 222 247 272 287 322 347 372 397 422 447 472 497 Company 
123 148 173 198 | 223 248 273 298 | 323 348 373 398 | 423 448 473 498 
124 149 174 199 | 226 249 274 299 | 324 349 374 399 | 424 449 474 agg | Stree! wad _ 
125° 150 175 200 | 225 250 275 300 | 325 350 375 400 | 425 450 475 500 

Principal Product Manufactured 
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ADVERTISED PRODUCTS OR SERVICES NEW BOMPONENTS NEW LITERATURE | REPRINTS 
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116 141 166 191 | 216 249 266 291 | 316 341 366 391 | 416 441 466 491 
147 142 167 192 | 217 242 267 282 | 317 342 367 382 | 417 442 467 492 (7) 
118 143 138 193 | 218 243 268 283 | 318 343 368 393 | 418 443 468 493 "Secs a mae die peat amma a 
119 144 169 194 | 219 244 269 294 | 319 344 369 394 | 419 444 469 494 
120 145 170 195 | 220 245 270 295 | 320 345 370 395 | 420 445 470 495 | Title Dept. or Div. 
121 146 171 196 | 221 246 271 296 | 321 346 371 396 | 421 446 471 496 eee ee a 
122 147 172 187 | 222 247 272 297 | 322 347 372 397 | 422 447 472 497 Compony 
123 148 173 198 | 223 248 273 298 | 323 348 373 398 | 423 448 473 498 can Jew 
124 149 174 199 | 226 249 274 299 | 324 349 374 399 | 424 449 470 ag9 | = **”**" mead —_ 
125 150 175 200 | 225 250 275 300 | 325 350 375 400 | 425 450 475 500 ee ay oe er ae cal am 
ADVERTISED PRODUCTS OR SERVICES NEW COMPONENTS NEW LITERATURE | REPRINTS 
101 126 151 176 | 201 226 251 276 | 301 326 351 376 | 401 426 451 476 501 516 S31 S46 561 576 581 606 | 621 636 651 666 681 | 701 716 731 
962 127 152 177 | 202 227 252 277 | 302 327 352 377 | 402 427 452 477 502 517 532 547 562 577 582 607 | 622 637 652 667 682 | 702 717 732 
163 128 153 178 | 203 228 253 278 | 303 353 378 | 403 428 453 478 503 518 533 548 S63 578 583 608 | 623 638 653 668 683 | 703 718 733 
104 129 154 178 | 204 229 278 | 304 328 354 379 | 404 429 479 504 519 534 549 564 579 584 60S | 624 639 654 669 684 | 704 719 734 
105 130 155 180 | 205 230 255 280 | 305 355 380 | 405 485 480 505 520 535 550 565 580 595 610 | 625 640 655 670 68S | 705 720 735 
106 131 156 181 | 206 231 256 281 | 306 331 356 381 | 406 431 481 S06 521 S36 551 566 581 596 611 | 626 641 656 671 G86 | 706 721 736 
107 132 157 182 | 207 232 257 282 | 307 332 357 382 | 407 432 457 482 507 522 537 552 S67 582 597 612 | 627 642 657 672 687 | 707 722 737 
108 133 158 183 | 208 233 283 | 308 333 358 383 | 408 433 458 483 508 523 538 553 S68 583 598 613 | 628 643 658 673 G88 | 708 723 738 
108 134 158 184 | 209 234 258 284 | 309 334 359 384 | 409 434 459 484 509 524 539 554 569 584 599 614 | 629 644 659 674 689 | 709 724 739 
110 135 160 185 | 210 235 265 | 310 335 360 385 | 410 435 460 485 510 525 540 555 570 585 600 615 | 630 645 660 675 690 | 710 725 740 
111 136 161 186 | 211 236 261 286 | 311 336 361 306 | 411 436 461 486 511 526 $41 556 571 586 601 616 | 631 646 661 676 6891 | 711 726 741 
112 137 162 167 | 212 237 262 287 | 312 337 362 387 | 412 437 487 512 527 542 557 572 587 G02 G17 | 632 647 662 677 692 | 712 727 742 
113 138 163 188 | 213 238 263 313 363 388 | 413 438 463 488 || 513 528 543 558 573 588 603 618 | 633 648 663 678 683 | 713 728 743 
114 139 164 188 | 214 238 289 | 314 339 364 389 | 414 439 514 529 544 558 574 589 604 619 | 634 649 664 679 694 | 714 729 744 
115 140 165 190 | 215 240 265 290 315 365 390 415 440 465 490 515 530 545 560 575 590 605 620 635 650 665 680 695 715 730 745 
116 141 166 191 | 216 241 266 291 | 316 341 366 391 | 416 441 466 491 
117 142 167 182 | 217 242 267 282 | 317 342 367 392 | 417 467 492 (7) 
118 143 168 193 | 218 243 266°293 | 318 343 368 393 | 418 443 468 493 individual 
119 144 169 194 | 219 244 269 284 | 319 344 369 394 | 419 444 469 494 
120 145 170 185 | 220 245 270 295 | 320 345 370 395 | 420 445 470 495 Title Dept. or Div. 
121 146 171 196 | 221 246 271 296 | 321 346 371 396 | 421 446 471 496 
122 147 172 187 | 222 247 272 297 | 322 347 372 387 | 422 447 472 497 Company 
123 148 173 198 | 223 248 273 298 | 323 348 373 398 | 423 448 473 498 
124 149 174 199 | 226 249 274 209 | 324 349 374 390 | 424 449 474 9g} SYO*! oy —_ 
125 150 175 200 | 225 250 275 300 | 325 350 375 400 | 425 450 475 500 asa daniees Gendaemoed 
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Manufacturing 


ONE Reader Inquiry Service post card— 
king size for legibility—will bring you in- 
formation regarding anything published in 
this issue. That goes for both advertising and 
editorial pages. 

To provide a quick facility for requesting 
further information on anything mentioned 
in the editorial or advertising pages, each 
item or ad has been assigned a key number. 
Corresponding numbers appear in the respec- 
tive grouping of the Reader Inquiry Service 
post card below. 

Simply circle the numbers that apply to the 
specific editorial items or advertisements in 
which you are interested. 

Your information requests will be for- 
warded promptly—within 48 hours of receipt 
of card. To expedite, please print or type 
your name and address, also be sure to indi- 
cate the principal product of your plant or 
laboratory. 


Cards will be processed by publisher 
if received by September |, 1958 





READER 
INQUIRY 
SERVICE 















Advertised Products 


Circle key numbers of those advertisements if 
you desire more information about what is ad- 
vertised. 


New Components and Materials 


Reviews of new developments starting on 
page 124 


New Literature 


Latest catalog and bulletin offerings starting on 
page 227 


Reprints of Editorial Features 


Article reprints, available without charge, are 
listed on page 248 
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PERMIT NO. 45 
NEW YORK, N. Y. 

















BUSINESS REPLY CARD 


No Postage Stamp Necessary If Mailed in the United States 








POSTAGE WILL BE PAID BY 


Electrical Manufacturing 


1250 Sixth Avenue 


NEW YORK, 20, N. Y. 
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trols, measuring equip busi con be achieved with no op- 
preciable increase in cost. TVE cost do nat 090~-areaen-femmeble. 








presence of fuels and lubri 
wires allow miniaturization. 


For top performance 
wire and cable insulated with [FE -fluorocarbon resins 


using wire protected by TFE resins. Look up your local sup- 


You, too, can benefit by the use of conductors insulated with 
TFE resins. For example, you can save weight and space 
with miniaturized types of wire and cable. Reduce your in- 
spection and replacement costs. Handle unexpected power 
surges. Extend the operating range of your equipment to 
meet the toughest environmental conditions. 

TFE-fluorocarbon resins improve the performance, safety 
and reliability of your equipment. They simplify your solder- 
ing, potting and miniaturization problems. Their electrical 
and structural properties do not deteriorate with age. 

Best of all, you can enjoy sales and cost advantages by 


QU POND TEFLON 


TFE-FLUOROCARBON RESINS 
£6.U. 5. PAT.O 


BETTER THINGS FOR BETTER LIVING . . . THROUGH CHEMISTRY 
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ond cging of TE rxne cme retable performance of Reodigh heat lomo, 
outdoor lighting. 








APPLIANCE MANUFACTURING — New designs and fectures are made pos- 
sible by Du Pont TFE resins. Moisture and heat problems are overcome in 
appliances such as electric stoves, steom irons and toasters. 


in circuitry... specify 


“‘Plastics—Du Pont”)... 
E. I. du Pont 
Room 147, 


plier in the Yellow Pages (under 
or for technical information write to: 
de Nemours & Co. (Inc.), Polychemicals Dept., 
Du Pont Building, Wilmington, Delaware. 


In Canada: Du Pont Company of Canada (1956) Limited, P.O. Box 
660, Montreal, Canada, 


> Write for the “HOTTEST STORY IN 
INSULATION.” It gives you the facts that 
can help make your design, your product, 
your installation a winner, 


7 


TEFLON is Du Pont’s registered trademark for its fluoro- 
carbon resins, including the TFE (tetrafluoroethylene) 
resins discussed herein. 
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A HIGH TEMPERATURE FILM WIRE DEVELOPED BY 


APPLIED RESEARCH TO MEET 155°C (CLASS “F”’) 


ELECTRICAL MANUFACTURING 





AGED DIELECTRIC TWISTS 
AIEE Procedure 457 


100,000 


50,000 


PHELPS DODGE 


AVERAGE LIFE, HRS. 


PERFORMANCE ae 90 100 NO 120 130 140 150 160 180 =. 200 


TEMPERATURE °C 


Dielectric twist performance establishes 
Thermaleze F as exceeding Class “‘F”’ (155° C). 


Better factor of safety because of improved 
“theat shock”’ characteristics. 


@ Good film flexibility under Class “‘F”’ conditions. 


@ Good balance of electrical, chemical and 
physical properties. 


Ideal for Class “‘F”’ stator windings and high 
temperature layer or random wound coils. 


Presently available in square and rectangular 


wire; also in round wire, sizes #8-30. 
Any time magnet wire is your problem, consult Phelps Dodge for the quickest, easiest answer! 
FIRST FOR 
LASTING QUALITY 


—FROM MINE 


TO MARKET! 


JULY 1958 Circle 114 on page 17 





= , 
hig 
a 
% 
a 
x 


% 
» 
WESTINGHOUSE TAKES A GIANT STEP 


Through major improvements in silicon purification and transistor fabrication, Westinghouse has 
broken down the previous limitations of Silicon Power Transistors. The result is a new series of 
Westinghouse Power Transistors which can operate at high efficiencies in the “true power range.” 


LIFE-SIZE DRAWING 
shows how Westinghouse 
Silicon Power Transistor is 
designed for attachment to 
heat sink with a screw stud. 
All leads are in the base. 


ESE are the first members of an entirely new 
| ten of Westinghouse Silicon Power Transis- 
tors, which have the advantages associated with 
silicon (high voltages and high operating tempera- 
ture) without the disadvantages (high losses). As 
you can see from the chart on the right-hand page, 
these units possess exceptionally low saturation 
resistance—less than one half ohm. This low satura- 
tion resistance which results in low internal dissi- 
pation, coupled with high power handling capacity, 
makes possible silicon transistors which can effi- 
ciently handle 1000 or 1500 watts. For example, as a 
DC switch, handling 1.5 kw (300 volts at 5 amperes) 
the internal dissipation of the units is about 12.5 
watts with a resulting efficiency of better than 99%. 
Typical reverse leakages are 3 milliamperes. 


Like other silicon devices, these transistors can 
operate in ambient temperatures up to and exceeding 
150°C while germanium units are limited to 85°C. 
Thus, where the higher power rating is not required 
these units may be used for their high temperature 
capabilities. It also follows that wherever germa- 
nium power units are presently employed, a switch 
to silicon transistors will result in higher reliability 
of operation, because of the greater margin of safety 
with respect to operating temperature. 

There are a great many circuits for which this new 
type of silicon power transistor is made to order. It 
will find use in inverters or converters (AC to AC, 
AC to DC, DC to AC, DC to DC), to control fre- 
quencies for data processing, servo output, and 
other aircraft information applications. It will serve 
as a low frequency switch, as mentioned above; it will 
operate efficiently with low power supply voltages; 
and it will find a number of uses in class A amplifiers. 
There are also many additional applications—too 
numerous to list here. 

These Westinghouse Silicon Power Transistors 
are available in sample quantities for your testing 
and immediate application. Call your Westinghouse 
representative or write directly to Westinghouse 
Electric Corporation, Semiconductor Dept., Young- 
wood, Pennsylvania. 


ELECTRICAL MANUFACTURING 





current rating V cBo V ce (Ves= 0) 





2 amperes 30-300V 30-300V 0.5 ohms Typical 
5 amperes 30-300V 30-300V 0.4 ohms Typical 





Thermal resist -J tion to case, 0.7°C/watt typical. Current ratings based on the current at which current 
gain is equal to or greater than 10. It is p ible to itch high llector currents with some sacrifice in gain. 











a 
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VOLTAGE (volts) 


Vc—e- COLLECTOR 


+ 



































1.0 2.0 3.0 4.0 5.0 

Ic-COLLECTOR CURRENT (amperes) iar ses 
LOW SATURATION RESISTANCE VOLTAGE CHARACTERISTICS 
is exhibited in this graph showing values for a typical Westinghouse Silicon of a 300-volt unit are shown here. High emitter-base 
Power Transistor driven to 5 amperes. The values are fractions of those voltage may be important in some circuits. In this 
observed in other silicon transistors. illustration emitter-base reaches 100 volts. 


you CAN BE SURE...1F IT'S 


Westinghouse 


° ry ° 10 20 3 “0 
Ye COLLECTOR CURRENT (omperend COLLECTOR CURRENT (emperend 


COMMON EMITTER OUTPUT DC CURRENT GAINS 
CHARACTERISTICS are presented as functions of col- 
are charted here for the lower current outputs. lector-emitter current in the 2 am- 


The characteristics saturate sharply. pere- and 5 ampere-rated units. 
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Aircraft parts of Synthane lami- 
nated plastics combine light 
weight, strength and electrical 
insulating properties. 








Almost anyone who flies spells 
*‘Reliability” with a capital “R’’. 
Which is one reason why the aviation 
industry is a good customer for 
Synthane laminated plastics. There 
are other reasons. 

Synthane is a material with many 
useful properties in combination. 
It’s light in weight (half the weight 
of aluminum). It’s an insulator with 
high dielectric strength, low dielec- 
tric losses, excellent insulation re- 
sistance. It’s easily machined and 
resistant to chemicals. You’ll go far 
to find one material with all these 
desirable characteristics. 

But Synthane is more than a 
material. It is an investment in re- 
liability. Quality control from the 
raw materials to the finished product 
assures you of uniformity and rigid 
compliance with your most exacting 
requirements. 


Circle 116 on page 17 


Reliability 


Synthane is people. People who 
have grown up with our company 
and take pride in turning out a first- 
class job. People to whom promises 
of delivery mean something. People 
who are specialists in working with 
laminated plastics. In short, people 
you can count on. What does all this 
cost you? Little or no more than you 
are now paying for other plastic 
laminates. 

If you are interested in a reliable 
source of laminated plastics, you 
might remember that after ‘“‘R’’ for 
Reliability comes ‘‘S” for Synthane 
... and Service. 


SYNTHANE 


SYNTHANE CORPORATION, 17 RIVER ROAD, OAKS, PA, 
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COMMERCIAL GRADE 
POWER COMPONENTS _ 


CG power components are conserva- 
tively designed for long, continuous 
duty, life. Their rugged mechanical 
structure is matched by high insu- 
lation safety factors permitting 
250% applied voltage tests. 


High Volt. DC Volt. oc ma. _ Filaments — 
580-530-300-0 475/425/ 420 
nol ee wh ___-300-530-580 __—-2s0 F 
CG-302 Plate | _950-750-0-750-950 760/610 360 
CG-308 Plate 3500-3000-2400-0 3000/2500 500 
- . ___-2400-3000-3500 2000 = 
CG-315 Bias Tapped for any DC voltage from 15 to 100 volts within 6% -250ma 


6-422 Power 435-365-0 125 5V-3A, 5V-2A, 
& 6.3VCT-3A 


-365-435 
125-0-125 25 _—«2.SVCT-5A__ 
6.3VCT-4A__ 


_500Vworking 
Test 


OC ma. Voltage 
nn 
1750 
1750 


Type 
_No. : Application 
CG-301 Plate 


a —_ va 
6-33 Filament _2000V Test__ 
induct. Henries DC Resist. 
atrated DC ma. Ohms 


Type No. 
~ €6-40 
~C6-44 
~ C6-48C 


Application 

Filter Choke ~+—‘10 110 200 
Filter Choke 30 400 100 
Filter Choke 50 2200 50 











STEPDOWN 
TRANSFORMERS 


These autotransformers are a conve- 
nient means for adapting 110/120 
volt appliances to 220/240 volt cir- 
cuits. Units come with 6’ cord and 
female receptacle. 


Application 

85 watt capacity 
125 watt capacity 
175 watt capacity 
250 watt capacity 
500 watt capacity 
1200 watt capacity 
2500 watts, no cord 






































COMMERCIAL GRADE 
AUDIO COMPONENTS 


UTC CG audio units provide exceptional reliabil- 
ity at moderate cost. Units are fully compound 


sealed in 


ed drawn cases and cover all audio 


ication 
mah level * modulation tr 


Type No. 


Application 


om hum bucking input units to 
ansformers. 


Pri. imped. Sec. imped. 





CG-131 


interstage, 1 plate to 1 grid 


15,000 135,000 3:1 ratio 





CG-132 


interstage, 1 plate to 2 grids 


15,000 135,000 CT 3:1 ratio overall 





CG-134 


input, 


line to 1 grid humbucking 50, 200, 500 80,000 “ 4 





CG-137 


50, 200, 500 50, 200, 500 





CG-140 


Low Level Output, Triode plate 
to line 


15,000 50, 200, 500 





CG-19 


Output, 6V6, Triode:6L6, 5881 
20 watts max. 


3 


Ww 
: 
se 
| De 
i > 


6,000/10,000 





CG-216 


Output, 6L6’s, AB1, 5881 
30 watts max. 


- 
ca 


9,000 





Varimatch outputs for PA. 
12 watts 


Bes 


3000, 5000, 6000, 7000, 
8000, 10,000, 14,000 


» 








Varimatch output for P. A. 
30 watts 


inet 
ai "S* 


3000, 5000, 6000, 7000, 
8000, 10,000, 14,000 


“3 





Varimatch modulator, 12 watts 500 to 20,000 


sie 





RUGGED, RELIABLE TRANSFORMER COMPONENTS FOR 


INDUSTRIAL 
APPLICATIONS 


, 180, 190, i , 230,240 230 600 
; , 170, 180, 190, 10, 220, 230, 240 230 1200 


LINE VOLTAGE ADJUSTERS 
WITH METER 
The perfect answer to abnormal or fluctuating line 


voltage. Adjust switch so meter reads at red line and 
you know your equipment is working at correct volt- 
age. 


FS 


Sec. 
Primary Voltages Volts Watts 
0, 100, 110, 120, 130, 140 115 150 
D, 90, 100, 110, 120, 130, 140 115 300 
D, 100, 110, 120, 130, 140 115 600 
90, 100, 110, 120, 130, 140 115 1200 
10, 220, 230, -40 230 150 
, 180, 190, 200, 210, 220, 230, 240 230 300 
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ISOLATION 
TRANSFORMER 


Excellent units for isolating line 
noise, AC-DC sets, etc. Full elec- 
trostatic shielding . . . 6’ cord 
and female receptacle. 
Type 
No. Rating 
40 watts 
100 watts 
250 watts 
600 watts 
1200 watts 


2500 watts 
(no-cord) 





R-72 
R-73 
R-74 
R-75 
R-76 
R-77 




















SPECIAL UNITS TO YOUR NEEDS...SEND US YOUR SPECS., FOR PRICES. 


UNITED TRANSFORMER CORP. 


150 Varick Street, New York 13, N. Y. * EXPORT DIVISION: 13 E. 40th St., New York 16, N. Y. 


PACIFIC MFG. DIV.: 4008 W. Jefferson Blvd., Los Angeles 16, Calif. 


c 


CABLES: "ARLAB" 
ircle 117 on page 17 





When you buy aluminum for your product... 


CABLE WRAP 


AIR CONDITIONING 


Remember. ae CAPACITORS 
Every industry has one member who 


specualizes in customer satisfaction 


All Anaconda Aluminum Coiled Sheet is custom-rolled to your exacting 
specifications. In order after order, uniformity of temper is main- 
tained by our precise production control. Modern rolling mills with 
X-ray gauge controls provide you uniform thicknesses and con- 
sistent yield per pound. Workability, even on deep draws, is as- 
sured by control of grain size. On narrowest widths, high-speed 
slitters cut exact widths with precision edges. Our line includes 
gauges from .006’ to .064”; widths from *%” to 54”; alloys: 1100, 
1145, 3003, 3004, 5005, 5050, 5052, 5357. And watch for an expand- 
ing line of aluminum wrought mill products. 
Anaconda Aluminum Foil is also custom-rolled to the same high 
standards of quality. It is available for a wide range of manufactur- 
ing applications in gauges from .00023” to .0059”, in widths to 54”. 
To take advantage of our modern plant flexibility and custom Made by Cochran Foil Corporation 
production policy, call our nearest District Sales Office or contact LOUISVILLE, KENTUCKY 
us direct. Write for the new booklet, “Anaconda Aluminum Coiled A SUBSIDIARY OF THE ANACONDA COMPANY 
Sheet”, Dept. E-7, 1430 S. 13th St., Louisville 10, Kentucky. 


Circle 118 on page 17 ELECTRICAL MANUFACTURING 
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BOOST PRODUCT EFFICIENCY 
qu4 SALES APPEAL... 


Sturdy little Stackpole Slide Switches provide almost any desired 

switching arrangement at rock-bottom cost. Features include 4, 1 and 

3 ampere 125 volt ratings in U.L. Inspected types; 1 to 3 pole types 

with up to 4 positions; momentary or maintained contact designs; lug, 

printed wiring or wire-wrap terminals; and many special types such as 

plunger-operated spring return, 4-gang SP-DT, and many more. 
WRITE FOR SLIDE SWITCH BULLETIN RC-11D to: 

Electronic Components Division, STACKPOLE CARBON CO., St. Marys, Pa. 


.. WITH 13 
Standard 
gy LOW COST SLIDE 


LZ CYPES SWITCHES 


.. the most complete line 


OP-DT, 3 ampere DP-DT, 0.5 amp, 4-Position SP-DT, 4-gang 
Type $S-33 Spring-return Type $S-5 Type S$S-18 Type $S-21 


SP-DT, 3 ampere SP-DT, 3 amp, 3-Position, 3 ampere SP-ST, Pushbutton SP-DT, 1 ampére 
Type $S-26-1 Spring-return Type $S-9 Type $S-31 Type $S-15 Type $$-32 


i ag 


Y 
Lt 


SP-DT, 3 amp, DP-DT, 0.5 ampere 3 Pole-Double Throw 3-Position; 0.5 ampere 
Spring-return Type $S-27 Type $$-50 Type $S-8 Type $$-16 


oe 
a 


Coldite 70+® fixed composition resistors ° Snap and Slide Switches ° Ceramag® ferromagnetic cores . Variable composition 
resistors . Ceramagnet® ceramic magnets * Fixed composition capacitors . Iron cores ° Brushes for all rotating electrical 
equipment e Electrical contacts . Hundreds of related carbon, graphite and metal powder products. 
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Miniature Directional Signal. A 
foraging bee brings home one drop of 
nectar. His fellow workers sniff it like 
bloodhounds, and from the scent know just 
where to go for more. This tiny droplet is 
nature's miracle for keeping bees on the 


beam. 


Miniature Selector Switch. Mis- 
siles stay on course when controlled by 
complex selector switch. Two MPB bear- 
ings on its shaft make frictional torque 
practically negligible, keep total weight 
down to .42 ounce. It's a man-miracle in 


miniaturization. 


Man With Miracles. This is Hank 
Eckert, one of MPB's Sales Engineers. He 
helped the selector switch people find ex- 
actly the right type of MPB radial retainer 
bearing to hold friction to a minimum, give 
dependable service and assure operating 


precision. 


Designers’ dream world © Miracles in Miniaturization 


BEARING ACTUAL SIZE 


New Miracles. Today's industrial 
scientists are pioneering a whole new 
world of man-made miniaturization. With 
MPB miniature bearings and experience it 
is a wide, wide world on a tiny scale. 
For in miniaturization, bearings are one 


of the most critical considerations. 


MPB makes miniature bearings %” O.D. 
down (specials on request). In stock —over 
500 types and sizes. Consult MPB when 
you are embarking on a miniaturization 
problem and/or write for new MPB catalog. 
Miniature Precision Bearings, Inc., 
607 Precision Park, Keene, N. H. 


Circle 120 on page 17 





Helps you perform miracles 
in miniaturization 
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engineers designed this piston and 
control valve assembly for the Treadle-Vac Power 
Brake so the entire mechanism could be built around 
these two intricate ZINC Die Castings. 

Extra parts—as well as extra machining—were elim- 
inated by the use of ZINC Die Castings. 

Front and back views of the two castings show the 
cored holes and bosses used in locating and fitting the 
internal parts. Both plates are quickly prepared for 
assembly by a single machining operation and locked 
together as a unit containing the poppet valves, springs, 


JULY 1958 
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diaphragms and other necessary equipment. 

Bendix engineers gained additional advantages by 
using ZINC Die Castings. Ribbing, for instance, per- 
mitted the use of metal-saving thin wall sections while 
providing more than ample strength for the job. They 
knew, from previous experience, that die life is longer 
with ZINC than with other die casting materials. 

Why not see your die caster and find out how such 
parts-saving and time-saving advantages can be used 
in your products? 
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1. Six 100 HP D.C. reversible motors work in unison 
to drive the antenna through a wide speed range. 
A blower with its own A.C. motor and filter cools 
the motor. The D.C. feedback tachometer genera- 
tor closely co-ordinates the effort of all the motors. 





DY gWi-s-weol-s-}[e fal-lome-lale mm clei bi 
by Louis Allis 


2. Control panel receives, co- 
ordinates and limits power 
to give precise selected 
motor speeds from full for- 

B Sst} : ward to full reverse with a 

p twist of a knob — without 

7 shock to the antenna or 
pause in operation. The 

3 a operator selects the direc- 

tion of operation and 

motor speed — the control 
system does the rest. 
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d-c exciter 


synchronous motor 


500 KW generator 


3. Industrial type synchronous motor-driven motor-generator 
set delivers 500 KW of D.C. power to the six antenna drive 
motors. The D.C. exciter and metadyne amplifier provide 
a temperature-compensated, automatic controllable source 
of power to the motor and generator fields. 






























Each of six drive motors is geared 
to the antenna bearing. All six are 
used for normal operation; however, 
one could operate the antenna in an 
emergency. Several motors can be cut 
out without impairing antenna rotation. 


New-design news from Louis Allis 


Here’s precise speed control... 
Regulation — 0.25%... 
Response — 0.2 seconds! 





System provides accurate, split-second control for 
rotating radar antenna— another example of complete 
power-package engineering by Louis Allis. 


Today’s high-speed heaven-scanning calls for giant radar tracking units 
with rapid, exact, co-ordinated control. To meet this requirement, Louis Allis 
engineers recently developed a complex power package which combines 

an MG set, metadyne amplifier, d-c drive motors, feed-back equipment, and 
complete controls into an efficient system permitting antenna rotation 

at exact selected speeds. 


Antenna drives may not be your problem — but whatever your industry 
requirement is — steel, paper, machine tool, etc. — you can rely on Louis Allis 
application and engineering know-how to design and manufacture the 
drive and control system you need. 


Louis Allis expert application specialists are men who know the motor and 
drive requirements and many of the operating problems of almost every 
industry. Make use of their experience and take advantage of the unmatched 
line of Louis Allis standard and special motors and drives to solve your 
next speed-control requirement. 


Get full information from your local Louis Allis District office, or write 
The Louis Allis Co., 428 East Stewart Street, Milwaukee 1, Wisconsin. 


For specific information on Louis Allis adjustable speed drives and high 
frequency equipment, write for: Bulletin 2000, Select-A-Spede® Drives; 
Bulletin 611-E, Ajusto-Spede® Drives; Bulletin 1500, Electronic 
Select-A-Spede drives; and Bulletin 2250, High Frequency Equipment. 


MANUFACTURER OF ELECTRIC MOTORS AND ADJUSTABLE SPEED DRIVES 


LOUIS ALLIS 
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“i MICRO SW ITC H Precision Switches 


Actual Size 


We've Miniaturized the Subminiature! 


WEIGHT: 7 gram... 28 switches to the ounce...over 430 to the pound. SIZE: .500” long, .200" wide, .350" high. 
CUBIC CONTENT: .035 cubic inches. ELECTRICAL RATING: 5 amps-250 vac, 30 vdc. SPDT. 


After a long period of laboratory devel- 
opment, MICRO SWITCH announces this 
new, highly miniaturized precision snap- 
action switch and a complementary line 
of zctuators. 


We call it the “Sub-subminiature!”’ 


This new “SX” basic switch represents 
an entirely new set of answers to the 
space-weight problems in dependable 
precision switching. It combines new 
small size with more than ample capac- 
ity for wide usefulness, meeting the 
pressing demand for miniaturization 
combined with reliability. 


In its exacting development, many prob- 


The two-word name MICRO SWITCH 
is NOT a generic term. It is the 
name of a division of Honeywell. 
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lems of design, testing and quality con- 
trol presented themselves. However, 23 
years of experience proved of immense 
value. As a result, a new standard has 
thus been set by which all precision 
switches must be measured. 


This broad experience can prove of equal 
value to you. Send for more information 
about this new switch. Request Data 
Sheet No. 148. 
MICRO SWITCH...FREEPORT, ILL. 
A division of Honeywell fa 
In Canada: Honeywell Controls, Ltd., a 


Toronto 17, Ontario . 4 j 
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Honeywell 


MICRO SWITCH PRECISION SWITCHES 
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NATIONAL 
RETAINING RINGS 


is typical of the thousands of 
applications where National Retaining Rings have cut 
costs and improved product design! 


for recommendations on the 
redesign of your products or sub-assemblies. Proven 
applications range from heavy duty machinery to small 
tools, electronic instruments and toys. Suggestions will 
be made promptly on receipt of your drawings and 
specifications. 
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Eliminate machining time and 
material waste resulting from 
cutting down shafts and 
housings to form shoulders. 
Using smaller shafts, grooved 

to accommodate economical 
National Retaining Rings, 
accomplishes important cost 
reductions, speeds-up production, 
actually improves the product. 


THE NATIONAL 
LOCK WASHER 
COMPANY 


NEWARK 5, NEW JERSEY 
MILWAUKEE 2, WISCONSIN 








DISTRIBUTORS 


Brooks Electrical Supply Co., Inc., Baltimore, Md. 





John H. Cole Company, Oklah City, Okla. 
Electrical Insulation Suppliers, Inc., Atlanta, Ga. 
Hanna & Ferguson, Rochester, N. Y. 
Hippler Sales Company, Webster Groves, Mo. 
Insulation Manufacturers Corp., 

Chicago, Ill Cleveland, O. 

Dayton, O. Milwaukee, Wis. 

Detroit, Mich. Pittsburgh, Pa. 
J. F. Kerrigan & Company, Hamden, Conn. 
C. D. LaMoree, Berkeley, Calif. 

Los Angeles, Calif. 
W. R. Punt Company, Floral Park, N. Y. 
C. E. Riggs, Inc., Portland, Ore. 
Seattle, Wash. 

White Supply Company, St. Louis, Mo. 


Export Agent: Lionel-Essex International Corp., New York, N.Y. 
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the quality name for 


resinous 
tapes 


V artex resinous tapes, having excep- 
tional elongation properties, are well 
suited for taping, harnessing irregular 
surfaces, bus bars and lead wires. These 
tapes have excellent physical properties, 
high dielectric strength, and are not af- 
fected by acids, oils or grease. They have 
unusual ability to heat seal upon them- 
selves and will not support combustion. 


CAN BE HEAT SEALED IN 4 MINUTES AT 400°F. 


Complete test data available on request 
Agents in all principal cities 


New Jersey Wood Finishing Company 


MANUFACTURERS OF FLEXIBLE ELECTRICAL INSULATION 
WOODRRIDGE, N. J. 


Varnished Cambric Cloth and Tapes 

Varnished “‘Fiberglas"’t Cloth and Tapes 

Varnished Silk and Silk Substitute 

Synthetic Resinous Tapes and Extruded Tubing 

Cable Wrapping Tapes 

Polyethylene, Sheets, Tapes and Extruded Tubing 

“VARSIL" Silicone Varnished “Fiberglas"’t 
Cloth and Tapes 


“VARSLOT" Combination Slot Insulation: —— 
Rag Paper and Vartex Varnished Cambric 
Fish Paper and Vartex Varnished Cambric 
Rag Paper and “Mylar’’* Polyester Film 
Asbestos Paper and ‘“‘Mylar’’* Polyester Film 
Kraft Paper and “Mylar'’* Polyester Film 
Vartex Varnished “Fiberglas”* and 
“Mylar’’* Polyester Film 

Special combinations liable upon ft 


que 





* Mylar, Du Pont’s registered trademark tFiberglas, Owens-Corning Fiberglas registered trademark 
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SAF WUE 


WORLD'S FIRST 
BREAKER WITH 
CONTACTS 











Safe, Sure, Protection 


They’re calling it “‘the biggest thing in circuit 
protection since Westinghouse developed the 
breaker!” You can see the contacts are open, 
or closed, through the heat-resistant thermo- 
plastic window. Yet the breaker is still dead- 
front, with no exposed live parts. 

What’s more, the transparent window won’t 
cloud during repeated full-load switching or 
interrupting—won’t cloud even on normal over- 
load interruptions. 

In case of a high-value short circuit, the 
Saf-T-Vue breaker window clouds immediately 
—giving you visual warning of serious trouble 
on the line. In this rare instance, the trans- 
parent window can be easily and inexpensively 
replaced. 


SAF WUE in Westinghouse 

AB-I Breakers 

Good news for steel mills, automotive plants, 
all industry—Saf-T-Vue is available in West- 
inghouse AB-I breakers in sizes F through LM. 
And you can get them in enclosures for every 
conceivable application. 


Sar WuE in Westinghouse 


combination Life-Linestarters 


In combination Life-Linestarters*, too! Saf-T- 
Vue Breakers add one more “plus” to a long 
line of Westinghouse exclusive features: all 
front-removable parts; positive De-ion® arc 
quencher; bimetallic disc overload relay; knife- 
edge fulcrum that prevents armature sticking 
or binding; and many, many more— 

For complete information on this exciting 
new Westinghouse development, contact your 
nearby Westinghouse sales office or distributor, 
or write Westinghouse Electric Corporation, 
Standard Control Division, Beaver, Penna. 
*Trade-Mark J 
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Westinghouse Electric Corp. 
STANDARD CONTROL DIVISION 





Beaver, Penna. 











S84 different insulation constructions 


100,000+ different types and sizes 


Cin round, square and rectangular fabric and film coated magnet wires) 


Add them up! EXTRA care in drawing and annealing—EXTRA care in insulating 
techniques! EXTRA rigorous “in-process” testing of wire from every machine 
each day plus 100% final inspection! EXTRA quick identification of size and type | 
on easy-to-read, color coded labels ...and EXTRA attention to packaging 


(spool, reel, and Magna-Pak”) at each of the four plants. 


MAGNET WIRE DIVISION, Essex Wire Corp., Fort Wayne 6, Indiana 


Manutacturing Plants: Birmingham, Alab ; Anaheim, California; Fort Wayne, Indiana; Hillsdale, Michigan 
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Wide range of premix moldings by the Plastics Division of General American Transportation Corporation includes: automotive air conditioning cabinet for O. A. Sutton Corp., 
Inc.; Silvertone portable TV cobinet for Sears, Roebuck and Co.; air duct and glove compartment for a leading automobile manufacturer; vending machine air duct for Vendo Co. 


Premix moldings give you all three... quality, economy, versatility 


Like to market better products and cut costs at the same 
time? Then premix moldings are for you! 


When resins and reinforcing fibers are blended beforehand, 
more complex molds are not only possible but completely 
practical. Slots, grooves, holes, bosses and parts with varying 
wall thicknesses can be formed right in the mold. And 
whether the part is simple or complex, you'll get moldings 
with uniform strength and wall thicknesses. Premix moldings 


are improving products and cutting costs for a wide variety 
of industries using strong, rigid, reinforced plastics. 


Molders across the nation rely on Dow Vinyltoluene and 
Dow Styrene for top-quality premix moldings. They can 
help you to better products at lower costs. For the names 
of molders and suppliers, contact your nearest Dow Sales 
office or write to THE DOW CHEMICAL COMPANY, Midland, 
Michigan, Plastics Sales Dept. 2206]. 


YOU CAN DEPEND ON 
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It is by choice — not by chance — that the 
magazine ELECTRICAL MANUFACTURING finds its 
way into the mail baskets of men closely iden- 
tified with the function of design engineering. 


But mere receipt of a technical magazine is 
only a first step on the road to readership. What 
it takes to really actuate readership lies wholly 
between the covers of the magazine itself! 


ELECTRICAL MANUFACTURING enjoys a dedi- 
cated following among men responsible for the 


special needs of Design Engineers 


design engineering of electrically energized 
products for the reason that its entire content 
is geared to the special needs and interests of 
these pros. Articles are timely, authoritative, 
succinctly written. Edited in depth, they help 
in the better understanding of today’s increas- 
ingly complex technologies. 

Reading time spent in the garnering of fresh, 
practical ideas is time profitably employed for 
both the individual and his company alike. 


Electrical Manufacturing 


THE MONTHLY MAGAZINE OF DESIGN ENGINEERING 


in the field of electrically operated products 


THE GAGE PUBLISHING COMPANY °* Publishers to Industry Since 1892 « 1250 SIXTH AVENUE, NEW YORK 20, N. Y. 
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Modine chooses KLIXON Snap-Acting Thermostat 


for Low Cost - Inherent Safety - Ease of Application 


“The KLIXON fixed-temperature, and in the field will gladly help you make test applications 
snap-acting thermostat was selected of KLIXON Controls. Send for free literature on the KLIXON 
for our new Modine blower type gas line now and get acquainted with the application possibili- 
fired unit heater on the basis of low ties on your equipment. 
cost, inherent safety and ease of ap- 
plication to our unit.” 

That’s how the Modine Manufacturing Company, one 
of the nation’s foremost makers of gas heating equip- 
ment, feels about KLIXON Thermostats. And, Modine goes 
on to say: 

“As an important component in the control system, we are 
sure that the KLIXON Thermostat helps us provide 100% 
safety in our unit.” 

Today hundreds of leading original equipment manufac- 
turers specify and use KLIXON Controls. These controls are 
available in both sealed and open construction in a wide 
variety of types and sizes. Fixed temperature settings are 
custom calibrated at the factory to meet the customer's 
requirements. Typical KLIXON Fixed Temperature Controls for many types of home appliances. 

Competent Spencer Division engineers at the factory 


METALS & CONTROLS | CORPORATION 


Spencer Division 4) 3607 Forest Street, Attleboro, Mass. 
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Electrical 
Manufacturing 


The “‘Need-to-Know’’ 
—a Challenge to Design Engineers 


THE PRODUCT OF RESEARCH HAS BEEN DE- 
FINED as “knowledge.” The product of design 
engineering may be defined as the application 
of knowledge. But the concept of knowledge 
may not be amorphous, nor the approach to 
it undisciplined. Knowledge cannot be applied 
superficially. nor acquired at second hand. 

Today, the design engineer is essentially 
committed to a profession that, on many 
levels, demands a synthesis of diverse disci- 
plines. He cannot hope to assimilate and use 
the rich output of modern science and tech- 
nology contributed by these disciplines un- 
less he learns to understand their basic 
principles and fundamentals. He is, of course, 
not expected to become, say, a full-fledged 
physical chemist, nuclear physicist, metallur- 
gist, or ceramist on top of his primary re- 
sponsibility. Yet, in terms of professional 
competence and achievement, he has a real 
and practical need to know such fundamen- 
tals. 

The challenge of this “need to know” is 
being met on the academic level by means 
of improved and perceptive engineering cur- 
ricula. The following comment by President 
L. A. DuBridge of California Institute of 
Technology, in his annual report for 1957, 
could be as well applied to the engineer in 
industry as to the graduate student: ‘The 
research engineer of today and of tomorrow 
will have to be quite at home with set theory, 
Boolean algebra, quantum electrodynamics, 
the quantum theory of metals and semicon- 
ductors, and many other erudite matters for- 
merly unheard of by the practical engineer.” 

A magazine such as ELECTRICAL MANUu- 
FACTURING is cognizant of an obligation to 


help its readers answer this challenge. As an 
effective step, the Editors have projected 
special articles devoted to the basic sciences 
and mathematics. Essentially of tutorial na- 
ture, these articles go a step further. They are 
specifically planned and written to fit the 
needs of practicing design engineers. Particu- 
larly illustrative of this program and its ap- 
proach is the 20-page article (page 73) in 
this issue, “The Molecular Key to Dielectric 
Properties—a Capsule Physical Chemistry 
for the Design Engineer.” 

This article seeks to arm the design engi- 
neer with an effective knowledge of the basic 
physico-chemical factors that determine prop- 
erties of all classes of materials, not only 
dielectrics. The engineer is thus enabled to 
intelligently study, select and apply the new 
and novel materials of our age to product 
design in all degrees of complexity, and to 
service over a wide spectrum of operational 
environments. 

We are dealing at present with molecular, 
atomic and similar phenomena that less than 
a decade ago were strange territory to the 
design engineer. This is no longer so. We 
have to deal with such phenomena on each 
level of design. Materials form only one level. 
For, to say “the materials level” is but an- 
other way of saying the “components design 
level,” and, ultimately, the “equipment and 
systems design level.” 

The design engineer of today—unless he 
is content to become the design engineer of 
yesterday—must recognize and fulfill his 
“need to know” the fundamentals of today’s 
store of knowledge of science and technology, 
and relate these fundamentals to his daily job. 


CAB. &. 7 


Special Features Editor 





The Micro-Module Design Concept 


Modern military operations set up further reductions in size and weight as a pri- 


mary electronic equipment design goal. Traditional methods of miniaturization for 


scaling down of conventional component parts have almost reached practical limits. 


Development of the Signal Corps Micro-Module concept and program is discussed 


in this article; typical micro-parts are described and case histories given. 


FIVE BROAD OBJECTIVES of military electronics develop- 
ment are size reduction, performance dependability, re- 
duced maintenance, reduced cost, and, probably most 
important, new tactical concepts based on equipment 
capabilities. Only by significant advances contributing 
to these objectives can increased tactical capabilities be 
attained. These objectives bear directly on component 
parts and the constituent materials. 

Semiconductor component development has had the 
greatest impact on traditional ways and means of de- 
signing industrial and military electronic equipment. The 
Army alone now has, in various stages of development, 
over 75 signal equipments using the transistor. This pro- 
gram represents a projected utilization of about 100 
million transistors in ultimate production. 

The ready acceptance of the transistor by the military 
has many motivations. Reduced power requirements, 
potential long life and ruggedness are important. The 
most striking advantage, however, is the promise of a 
“new dimension” in the expanding application oi elec- 
tronics in military signal and weapons systems. But this 
would be an idle promise if we continue to specify 
traditional large component parts such as resistors and 
capacitors for packaging with transistors. Hence, con- 
siderable development effort has been undertaken to 
produce new families of parts compatible in size with 
the transistor. In each case, the quality of component 
performance has been maintained or improved over the 
standard tube circuit type. 

A specific requirement in military equipment design is 
that various circuit functions be broken down into plug- 
in cards or “modules.” It is clear that the module design 
must be the construction pattern in newer military equip- 
ments to provide easier maintenance, adaptability to 
machine manufacture and better military logistics. 


Equipment Volumetric Efficiency 

Comparatively poor overall volumetric efficiency is 
achieved in even the best conventional designs despite 
extensive miniaturization of active and passive com- 
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ponent parts. The term “miniaturization” unfortunately 
has come to mean a reduction in size. The equipment 
design engineer must recognize, however, that there are 
three principle factors to be considered in volumetric 
efficiency: 

1. Size of individual component parts. 

2. Volumetric efficiency associated with assembly of 
these small parts into a module: this takes into account 
the waste space introduced in the process of assembling 
a functional module. 

3. Final volumetric efficiency achieved in the assem- 
bly of the modules in a finished working equipment. This 
factor takes into account the waste space introduced in 
the integration process, 

The relative importance of these factors to overall 
equipment design can be shown using the Helmet Radio 
as an example. This equipment, shown in Fig. 1 (p 48), 
is our most forward effort using a module technique. It is 
being designed for machine production. Table I lists the 
parts for the i-f module and constitutes as well a selec- 
tion of typical transistor parts for a compact military 
equipment. 

Despite the fact that the individual parts densities are 
high, the final experimental i-f module has an average 
packaged parts density of only 58,000 parts per cu ft. 
The sizes of most of the parts are in the category of 
50,000 parts per cu ft or over; some (like the small 
by-pass capacitors and the composition resistors) are 
2 million parts per cu ft and over. Even # the most fre- 
quently used part (the composition resistor) had _ its 
volume reduced to almost zero, inspection will show that 
the change in the overall equipment size will be negligible. 
Since the overall volumetric efficiency of the module is 
only 27 per cent, it is apparent that it consists of about 
3 parts air and 1 part active electronic elements. 

Actually, the best module efficiencies seldom run above 
30 per cent. It is evident that the method of packaging 
component parts is an extremely sensitive factor in deter- 
mining overall equipment volume. It is far more critical 
than size reduction of some of the parts themselves. 
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A. W. ROGERS 
U.S. Army SicgNat ResearcH AND DeveLopMENT LABORATORY 
Fort Monmouth, New Jersey 


Centralab micro-modular audio amplifier. Four transistors and 
18 component parts comprise the assembly shown. Component 
density is 800,000 per cu ft. 


There is additional waste space introduced in the 
module integration process. Space must be allowed for 
connectors, panel controls, batteries, and other parts, 
and between modules to accommodate the complex inter- 
wiring. Clearance spaces must also be provided to permit 
removal of the modules for maintenance or inspection. 
Accordingly, a figure of merit can be ascribed to this 
packaging operation. This factor is the “integration 
volumetric efficiency.” In practice, the efficiency of in- 
tegrating modules ranges from about 10 per cent for 
computer circuits (which require considerable printed 
wiring board to accommodate complex inter-module 
wiring) to as high as 50 per cent on other circuits (such 
as receivers) which do not require involved inter-module 
wiring. 

Thus, the packaging of electronic parts into modules 
and then the packaging of modules into functioning 
equipment leads to an “overall equipment packaging 
efficiency” that is quite low since it is the product of the 
module and the integration efficiencies. In the practical 
case of computer transistor circuits, the final overall 
package efficiency is about 5 per cent and may in ex- 
ceptional cases range up to as high as 15 per cent; this 
is to say that, in the final equipment, the electronic parts 
occupy only 5 to 15 per cent of the total volume. 

Because of the importance of this packaging efficiency 
in effecting size reduction of transistor equipments, con- 
siderable emphasis has been placed on “electronic pack- 
aging” in Army Signal Corps research and development 
programs. 


Research and Development 

The best possibilities for advancing the art are to be 
found in the exploitation of newer materials. For ex- 
ample, the development of more stable piezoelectric 
titanates has been applied to filters to replace the classic 
coil- and capacitor-tuned i-f transformers. 

As illustrated in Fig. 2, two 455-kilocycle single-tuned 
transformers can be effectively replaced by the one 
small ceramic filter assembly while maintaining the same 
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Table I—Component Parts Density for Helmet 
Radio I-F Module 





Quantity 
(each) 


Individual parts 
density (parts/cu ft) 


3,500,000 


Parts 
Resistors 18 
Capacitor No. 1 
Capacitor No. 2 
Capacitor No. 3 
Capacitor No. 4 
Capacitor No. 5 
Diodes 
Transistor No. 1 
Transistor No. 2 
1-F coils 
Transformer 


“ANON ——N—- OD 


q ~ 216,000 Average 


Actual volumetric efficiency of module = 27 per cent 
(Final parts density in module = 58,000 parts/cu ft) 


Total no. of parts | 61 








Editor’s Note 


® The Army Signal Corps Micro-Module Program announced 
in Washington June 3, 1958 was established as an answer to the 
demand for a new dimension in military electronic equip- 
ment. The goal is a ten-times reduction in size with no com- 
promise in quality of performance. The micro-module concept 
contemplates major use of components constructed in standard 
wafer form, with the wafers assembled into modules of 
standard size and shape comprising complete circuit assem- 
blies. 

This program presents a challenge to electronic component 
design engineers to translate current technology into the 
micro-module format and through research and development 
to make up existing deficiencies in the art so as eventually to 
reach field military requirements. 

This program also offers an opportunity to the equipment 
design engineer to achieve the increased equipment perform- 
ance capability attainable through this form of construction 
as compared with conventional or advanced structures, includ- 
ing printed circuits. 

The material presented in this article is an introductory 
review of developments leading to the Micro-Module Program. 
A more detailed review is to appear in a later issue. 
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bandwidth and skirt ratio. The bandwidth is 13 ke at 
the 6-db point and skirt ratio is 2 to 6, comparing the 
20-db point to the 6-db point. The combined volume of 
the two conventional i-f transformers is *4 cu in., as com- 
pared with %%4 cu in. for the ceramic filter. The im- 
pedance transformation is compatible with transistor 
requirements, and the insertion loss is about 3 db. Com- 
pared with the conventional i-f transformer, the fre- 
quency discriminating characteristics of the 
filter are relatively independent of variations in wire 
dress and transistor characteristics. This particular char- 
acteristic results in two important advantages for the 
ceramic filter: hermetic sealing becomes possible, and 
maintenance and interchangeability are simplified. 

We are similarly exploiting variable capacitance diodes 
for tuning, thin-film polystyrenes and acetates for still 
smaller capacitors, and the use of manganese dioxide 
in solid-electrolyte aluminum capacitors. Experimental 
microthin organic film fixed capacitors have been devel- 
oped that provide a substantial volumetric advantage 
over conventional items. 

From the research and development programs have 
come also the higher-frequency ferrites and the square 
hysteresis ferrites that are opening new design areas. 


ceramic 


Equipment Dependability 
In the development of components for transistor cir- 
cuits, miniaturization per se has been subordinated to 
reliability. Basic to the consideration of reliability in a 
mathematical sense is the quantizing or indexing of fail- 
ure rates. 
It is important to consider quantitatively 


the parts 


Fig. 1 
Helmet radio modules. 


failure rates that can be tolerated to permit acceptable 
overall equipment performance. (See Fig. 3.) 

A maximum permissible failure rate goal for parts has 
been set tentatively at 1 in 10,000 per 1000 operating 
hours (0.01 per cent per 1000 hr). With such fixed fail- 
ure rates it follows that the equipment failure rate be- 


comes quantitative: that is. a 1200-component system 


Table Il—Equipment Environmental Specifications to Guide Micro-Module Design for Reliability 





Temp. cycl. meth. 
107 MIL-Std. 202A 


| (test cond.) © 
Altitude meth. 105A 


201A MIL-Std. 202A 
MIL-Std. 205A (ft) 


Ambient temp. 
range (°C) 

(cps) 

Shock meth. 202 
MIL-Std. 202A (g) 


Equipment 


© | Vibration meth. 


Portable 
ground 
signal 


> 


55 to +85 


- 
o 

on 
a 
a 
= 
o 
S 
S 
a 
—) 


—55 to +85 
to 125 
to 200 


10 to 55 


Vehicular 


A 
B 
Cc 
A 


55 to +85 10 to 200 


meth. 204C 


150,000 


Guided 
missile to 125 
to 2C0 
—55 to +85 10 to 2000 
meh. 204C 


150,000 
Projectile 


—55 to +85 10 to 2000 


meth. 204C 


150,000 
Satellite 


15,000 20,000 
4 ms rise 


15,000 20,000 —65 to 
4 ms rise 


101A MIL-Std. 202A 


(hr) 
106A MIL-Std. 202A 


Spin, 1 in. radius 
Storage temp. 

Salt atmos. meth. 
Moisture res. meth. 
(cycles) 


range (°C) 
part mod. (hr mean 
time to failure) 


Long term storage 
Reliability for 50- 


—65 to +71 Present 


wo 
o 
os 
o 
w 
o 
o 
o 
o 


Future 


Present 


100,000 Future 


30,000 8,000 Present 


Future 


—65 to + 30,000 Present 


Future 


30,000 15,000 Present 


— 65 to Future ; 


100,000 
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such as a typical ground radio communications set (the 
AN/GRC-3) will have a quantized reliability goal of 1 
equipment failure per 8000 hr of operating time. A large 
system such as the Nike Ground Guidance equipment, 
with 10,000 critical parts, will have a reliability goal of 
one system failure per 1000 hr of operating time. 


Design Goals 

A long look into the future of electronics—with the 
emphasis on more intricate missiles, surveillance drones, 
satellites, automatic communication systems, and other 
equipment and devices with increasing content of critical 
parts—permits only one conclusion. We cannot real- 
istically expect to achieve new equipment capabilities 
without doing something immediately about reliability, 
cost, maintenance, logistics, and the sheer size and weight 
of electronics parts. The ultimate possibilities of the 
transistor have scarcely been exploited as the solution 
of all size and maintenance problems and the prime 
reason for this limited exploitation is the limitations 
imposed by conventional methods of electronics pack- 
aging. 

In all conventional printed-circuit modules it is obvi- 
ous that the random size of the parts and the conven- 
tional methods of construction used will not permit much 
more reduction in equipment volume. It has recently 
been established that by a revolution in our traditional 
concepts of equipment design we can achieve an order 
of one magnitude reduction in size. 

A step in the right direction, and approaching the 
ultimate, is the four-stage audio amplifier consisting of 
four transistors and eighteen component parts shown at 
the beginning of this article. 

It is apparent that the electronic part has truly lost 
its identity within this module, which is 4% in. in diam 
by 14 in. thick. Although ( by design) comp!etely unre- 
pairable, it is quickly replaceable. It can be used in this 
shape, or any other more convenient shape, for integra- 
tion into an assembly, A component density of the order 
of 800,000 parts per cu ft has been achieved. The solid 
monolithic structure and low weight of such designs 
provide maximum resistance to shock and _ vibration. 
Inter-connections between parts are fewer and simpler. 
Automatic control of the micro-miniature fabrication 
processes will eliminate human error and reduce the 
quality variations that exist in conventional component 
parts. Equipment assembled from such modules will 
operate longer and better in a combat environment with- 
out technical attention. 

To advance the micro-module concept, an industry- 
wide research and development program has_ been 
initiated by the Army with RCA Defense Electronics 
Products Division as “leader” contractor. The primary 
concept contemplates major use of solid state science 
and new materials and devices, with all components con- 
structed in standard wafer form, the wafers being as- 
sembled into micro-modules of standard size and shape 
comprising circuit assemblies. Micro parts (components) 
of uniform size and shape will provide a means of achiev- 
ing maximum equipment volume efficiency. Detailed 
requirements for the micro-module program are set forth 
in Signal Corps Technical Requirements SCL-6243. 

The micro-part form factor is illustrated in Fig. 4. 
Overall equipment specifications are listed in Table II. 
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ceramic filter 


Fig. 2—Conventional transistor i-f transformer vs ceramic 
bandpass filter. 
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Equipment failure rate vs component failure rate. 
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Thickness of substrate wafer: 0.010 + 0.00! 


Insofar as possible, overall thickness of the micro-port, 
including substrate, component element, and protective 
coating (if required) shall not exceed 0.013 + 0.00! for 
single sided micro-element and 0.016 + 0.00! for 
double sided micro-element 


4—Micro-module component part dimensions. 





Magnesium Parts 
In Electronic Equipment 


Design considerations, analyses and case histories for fabrication of light- 


weight electronic equipment where space-weight-strength problems are critical. 


HEMENWAY R. BULLOCK 

Metals Consultant 

RAYTHEON MANUFACTURING COMPANY 
Maynard Laboratory 

Maynard, Massachusetts 


MAGNESIUM IS THE LIGHTEST high-structural-strength 
metal available to industry. This property, combined 
with ease of fabrication, good damping and fatigue qual- 
ities, relatively high electrical conductivity and good 
dimensional stability in service, make it particularly 
desirable as a material of design for manufacturers of 
electronic equipment. 

Magnesium alloys weigh approximately two-thirds as 
much as aluminum while possessing practically the same 
mechanical properties. Therefore, it is always possible 
to save weight while having either equal or superior 
structural strength. Table I illustrates relative strength- 
to-weight ratios of a few common alloys. 


Substitution of Magnesium for Aluminum in Design 

Use of magnesium in place of another lightweight 
metal may not be feasible if the original design were in 
the latter material. When designing for magnesium, the 
design should be fitted for the particular properties of 
the metal. 


Guide To Designing With Magnesium 
1. Select compatible materials where possible. 
2. Insulate or mask magnesium from other materials. 
3. Base static stress levels on the proportional limit. 


. Obtain sufficient fatigue information. 


. Machine castings all over, wherever necessary, to 
obtain light weight. 


It is tempting to substitute the lightweight magnesium 
for other metals in view of the attractive weight saving. 
However, very often the original design will not accom- 
modate use of the new metal, so any substitution should 
be well thought out in advance and the design well 
checked. 

In calculating weight saved by the substitution of 
magnesium for another metal in designing, only elemen- 
tary beam and column theory is necessary. For instance, 
if magnesium is substituted for aluminum, the expression 
would be: 


Ve 

I 

where f = fiber stress in outside fiber (psi) 
Vl bending moment (in.-lb) 
I moment of inertia (in.*) 


Jf 


Then, for equal strength, using the desired mechanical 
strength, 


strength value magnesium c : 
— ——-— - X— aluminum 
strength value aluminum I 


5 magnesium 
If the permissible stresses of the two materials are sub- 
stituted into the preceding equation, the section moduli 
are easily resolved and the weight may be calculated. 


In the same way, stiffness may be compared from the 


deflection 
\ 
v ff ba drdr 


: : : , ] 
which says that v aluminum is proportional to alu- 


7 


4 


minum and v magnesium is proportional to mag- 


nesium (where E is the modulus) and for the same de- 
flections: 

ETI aluminum EI magnesium 
Eulers’ or other column formulae may be treated simi- 
larly. Through resolution of many lightweight structures 
as indicated in the preceding formulae, it has been 
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demonstrated that for equal elastic strength a weight 
saving of about 25 per cent can be made by using mag- 
nesium alloys. 


Corrosion 


Usually the first trouble anticipated by the average 
engineer in designing with magnesium is corrosion. Al- 
though the problem is very real, there are remedies 
available in almost every case. 

Contact between magnesium and dissimilar metal sur- 
faces is a potential source of corrosion, especially where 
condensation is likely to occur. To find ways of combat- 
ing this problem, a thorough study was made by the 
Raytheon Manufacturing Company. 

Various types of magnesium fabrications were sub- 
jected to salt spray. These specimens inc!uded couplings 
of magnesium to magnesium, bare magnesium by itself, 
and coupling of magnesium to other metals. As a speci- 
men began to show failure in salt spray, it was removed 
and disassembled. Succeeding specimens were removed at 
intervals until complete failure of the last specimen oc- 
curred. All testing was carried beyond 200 hr. Figures 
1 and 2 show a typical test specimen assembly before 
and after exposure to salt spray. 

It was concluded that, although a real danger from 
galvanic corrosion existed, it could be readily controlled 
by various means. The proper selection of compatible 
materials by the designer is essential, but less so than 
the careful use of a good corrosion system once selec- 
tion has been made. Many times, designers use metals 
such as copper in contact with bare magnesium or gal- 
vanic couples with 18-8 stainless steel. In such cases 
methods of masking and sealing to shield the couple must 
be determined; Thiokol cement was found to be an efh- 
cient masking material. 

Contrary to expectations, helicoil inserts, rivets driven 
into bare holes, and stainless steel inserts spun into sheet 
and cast magnesium remained in good condition, while 
electrical conductivity of the joint remained stable. (See 
Figs. 3 and 4.) 

The first series of tests indicated that magnesium 
assembly procedures must be done very carefully with 
proper priming and sealing. Assemblies that were thus 
put together showed a minimum of corrosion. The inter- 
face priming is of importance since it is the basis of 
protective coverings, and sheet metal fabricators should 
be careful not to skimp on its application. (See com- 
parison in Fig. 5.) 

It was also determined that proper heat treatment of 
castings is essential to corrosion resistance. Areas where 
segregation existed showed failures even where proper 
coatings were applied. It is now apparent that the “Sikor- 
sky acid etch” may be necessary to assure adequate fine 
grain magnesium structure, although other controls may 
be worked out. 


Heat Transfer 


The constantly increasing operating temperatures for 
components and the decreasing space available made the 
use of heat exchangers mandatory at about the same time 
that magnesium structures were seriously being investi- 
gated for electronic equipment. Originally, aluminum was 
used in dip-brazed assemblies because of its higher heat 
conductivity, but the construction of some interchange- 
able welded magnesium assemblies indicated that this 
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Fig. 1—Typical magnesium specimen assembly before ex- 
posure to salt spray. 


Fig. 2—Specimen after 220 hr exposure to salt spray 
(unwashed). 


Fig. 3—Disassembled specimen after 220 hr exposure to 
salt spray. After washing, no corrosion seen at interface. 


Fig. 4—Riveted joint after 220 hr exposure to salt spray 
shows no corrosion. 
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Fig. 5 
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(Left) Bare AZ31 sheet after 42 hr exposure to salt spray shows general corrosion. (Right) AZ92 casting in T6 condition 


with HAE treatment plus primer and paint after 42 hr exposure; no corrosion under scratches and dents. 


advantage was more theoretical than real. Almost all 
heat exchangers are now magnesium, with attendant 
weight savings. 

The use of magnesium in so-called “cold plates” re- 
quired the determination of heat transfer rates through 
protective surfaces. In general, results showed that the 


— 


particular alloy made little difference: Dow #1, +7, 
and +9 and Iridite #15 coatings gave very nearly as 
good heat transfer as bare metal. As the preferred sur- 
faces have little abrasion resistance, it was a considered 
risk to use them in the field in the “as scratched” con- 
dition. However, it was felt that if trouble arose, it could 
be cured by using silicone grease whose efficacy as a 
sealant had already been evaluated in corrosion testing. 

In general, magnesium heat exchangers have been 
highly successful and are at this time quite highly de- 
veloped. The combination of light sheet-metal parts 
welded to complex machined castings results in extremely 
lightweight structures. 


Design Methods 

In the past, methods of structural design of electronic 
packages have been very largely empirical. Large design 
factors have been used and most calculations have been 
based on simple approximations of beam theory and 
shear loads. Environmental tests were then used to de- 
termine whether or not the equipment would be service- 
able. This can, of course, result in an unknown amount 
of overdesign but, generally speaking, a large backlog 
of experience in similar designs results in satisfactory 
equipments. 

In the design of lightweight equipment, this same 
method can be used if sufficient facilities can be mar- 
shalled to produce a design which will fail on initial test. 
Such a design can then be strengthened and retested 
until the desired factor of safety is established. The cost 
of designing in this manner is not too great, as most 
structures are rather small. One of the conditions for 
making this system work, however, is that the initial 


Table I—Comparative Strength and Stiffness in Bending of Some Structural Metals® 





Comparison Material 


High-strength low alloy steel 
Dowmetal FS extrusions 
6063-T5 aluminum extrusions 
6061-T6 aluminum extrusions 
Dowmetal FS1 sheet 
3003-H14 aluminum sheet 
High-strength low alloy steel 
Dowmetal FS1 extrusions 
6063-T5 aluminum extrusions 
6061-T6 aluminum extrusions 
Dowmetal FS1 sheet 
3003-H14 aluminum sheet 


For equal thickness 


For equal strength 


High-strength low alloy steel 
Dowmetal FS1 extrusions 
6063-T5 aluminum extrusions 
6061-T6 aluminum extrusions 
Dowmetal FS1 sheet 
3003-H14 aluminum sheet 





For equal stiffness 





High-strength low alloy steel 
Dowmetal FS1 extrusions 
6063-T5 aluminum extrusions 
6061-T6 aluminum extrusions 
Dowmetal FS1 sheet 
3003-H14 aluminum sheet 


For equal weight 


(Bending) 
Thickness Strength” Stiffness 
100 100 100 
100 41 22 
100 48 35 
100 78 35 
100 38 22 
100 36 35 


100 100 100 
156 100 83.6 
144 100 105 
113 100 50.7 
162 100 93.5 
167 100 163 


100 100 100 
166 113 100 
142 96.7 100 
142 157 100 
166 104.8 100 
142 72.5 100 


100 100 100 
440 794 1878 
282 382 782 
282 620 782 
440 735 1878 
282 286 782 








*Rectangular beams of constant width using high tensile low alloy steel (70,000 psi tensile strength—50,000 psi yield) as a basis of comparison, 


>Based on the average of the tension and compressive yield strength. 
Source: The Dow Chemical Company. 


52 


ELECTRICAL MANUFACTURING 





design must be sound and have no outstanding weak 
points. It then follows that it is no more effort to cal- 
culate the structure completely in the first place. The 
design is then a guaranteed and tested proposition, and 
redesign at the environmental testing stage should never 
be necessary. 

The electronic package diagrammed in Fig. 6 is de- 
signed with the panel members treated as tension-field 
beams. This particular e'ectronic enclosure has a num- 
ber of shielding and component mounting 
that the design represents a considerable modification 
of the simple mechanical structure. 

A simplified example of such a package is 36 in. long 
by 18 in. loaded by an effective mass of 100 lb 
in the center. Support is provided by four shock mounts 
If the acceleration on the mass were as- 


problems, so 


square, 


at the corners. 


Table 
of Some Cast Magnesium Alloys* 


i! —Short-Time Elevated-Temperature Tensile Properties 





Alloy and 
condition Property 200 300 
TS-ksi 
TYS-ksi 
E-% 


AZ92-T4 


TS-ksi 
TYS-ksi 
E-% 


TS-ksi 
TYS-ksi 
E-% 


AZ92-T6 


. TS-ksi 
TYS-ksi 
E-% 


AZ63-T4 


TS-ksi 
TYS-ksi 
E-% 
TS- a 
TYS-ksi 
E-% 


AZ63-T6 


‘Ts. ksi 
TYS-ksi 
E-% 


AZ91C-T4 


: TS-ksi 
TYS-ksi 
E-% 


AZ91C-T6 


TS-ksi 
TYS-ksi 
E-% 


EK30A-T6 


TS-ksi 
TYS-ksi 
E-% 


EK41A-T5 


TS-ksi 


EK41A-T6 TYS-ksi 


} 
| 
| 
| 


Temperature, deg F 


400 


12 


21 
12 
20 


18 | 12 
122 | 8 
30 | 70 


12 
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*Source: The Dow Chemical Company. 
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Fig. 6—Electronic package and truss load 
diagram for panels. 
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Fig. 7—Allowable thickness diagram for 
thinnest allowable walls for electronic 
package. 


sumed as 10 g, then the acting load 
will be 1000 lb and each panel will 
be loaded as shown above. 


Solution for the web tension is (Fig. 
32 
F 2F 


or t 


f= iXaxo3 t= fixXd 


where f = permissible fiber stress in 


tension ( 
d = depth of net in inches 
f = total shear load in flange 
(pounds) 
t == web thickness in inches 


The angle @ will always be approxi- 
mately 45 deg and it will be assumed 
that f; is 10,000 psi as a permissible 
fiber stress in tension. Then 
2F 500 
“fi: Xd 10,000 X 18 
== 0.003 approx. 


From this it will be seen that the 
thinnest sheet metal which can be 
procured will be many times too 
thick and the ability to fabricate 
will limit the thinness possible in 
the web. Magnesium, in the structural 
alloys, is not commonly rolled 
below 0.016 in. thickness. To save 
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Fig. 8—Method of obtaining tangent modulus from. stress- 
strain curves. 


weight, therefore, it would be necessary to use aluminum 
foil in the 0.005-0.006 in. range. This would necessitate 
fabrication by cementing, which is feasib!e but not com- 
mon. A practical solution, then, is a riveted web of 0.016 
in. magnesium, which is many times too strong, but 
which can be readily fabricated and will have consider- 
able resistance to denting and puncture. 

In the sample box just calculated, the stiffener load is 
so small relative to the 0.016 in. gage material that the 
compression problem is solved by merely corrugating 
the panel. The box section extrusions used for flanges 
and ends have a wall thickness of 0.051 in., which is 
about the thinnest which can be conveniently procured 
and fabricated. 

The tension field beam, in addition to having a low 
weight, will develop and absorb a large amount of strain 
and the components supported by such a structure are 
subjected to a much reduced acceleration. The low 
modulus of magnesium is decidedly advantageous in 
such a design. 

The box designed in this instance weighed about 30 
per cent less than an identical aluminum prototype. The 
magnesium alloys HK31-A, HM31-A, and HM21-A 
change modulus very slightly at elevated temperatures 
and are usable in structures such as these to well above 
300 F. The box described was made from HK31-A sheet 
and HM31-A extrusions. (See Table II for short-time 
elevated-temperature tensile properties of some other 
cast magnesium alloys. ) 


Strength of Materials 

The use of magnesium materials at elevated tempera- 
tures poses a problem, since their behavior is quite dif- 
ferent as temperatures increase. The modulus number 
and the change in proportional limit are the criteria. 
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Fig. 9—Typical results of tensile tests on HM31X-A magnesium 
alloy at 70 F. 


Almost two hundred curves were plotted in a study of 
HK31-A and HM31-A materials at varying temperatures 
up to 300 F. Large-scale plots were made and the curves 
faired. The proportional limit was then determined by 
inspection and tangent modulus plots made in the region 
just beyond. (See Figs. 8-12.) For both alloys the modu- 
lus drops to about 5.8 x 10°, and the apparent propor- 
tional limit is between 12 and 13.000 psi. 

At 300 F, runout on all specimens occurred at 6500 
psi and 100 x 10° cycles. At 7500 psi, two specimens 
broke below 100 x 10° cycles. Therefore, 6000 psi seems 
to be an excellent stress level to use for critical sections 
of a structure where temperatures do not exceed 300 F. 
For less critical areas, where there are no stress raisers 
or where the loading is not reversed, a reasonable stress 
level should be about 8000 psi. 


Castings 


For structural purposes and because of its good be- 
havior up to 280 F, alloys AZ91 and AZ92 were originally 
used for castings. These gave trouble because of micro- 
shrinkage and leaking, particularly in very thin sections 
where oil was under pressure. The solution to leakage 
troubles was resolved by using EZ33-A alloy. However, 
that solution usually meant thicker walls than those ob- 
tainable with the other alloys. 

Up to about a year ago it appeared that thin walls 
could be obtained if the tooling were adequate and if 
there were willingness to accept a higher reject rate. 
While it is true that such castings for engineering models 
can be obtained, it gradually became evident that such 
design is poor for production. Reject figures were the 
convincing factor in this case. Since it is necessary to 
have light weight in this electronic equipment, it would 
seem better to obtain it by machining original parts. 
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Fig. 10—Typical results of tensile tests on HM31X-A magnesium Fig. 11—Typical results of tensile tests on HK31X-A magnesium 
alloy at 250 F. alloy at 70 F. 
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Fig. 13—Pulse modulator made from AZ31-B, illustrating 
welded sheet fabrication with magnesium. 
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Welded Sheet-Metal Fabrication 
The airborne pulse modulator shown in Fig. 13 is 
presented first as an example of welded sheet-metal Py 
fabrication and secondly as a preliminary mock-up for 
a production casting design. This shape represents the 
’ actual space left in the overall equipment. It was test — Sanna 


: 4 { T Ls 4. 7 T 7 60 70 
flown and, when disassembled, was still pressurized after 2.0 3.0 0 30 
6 penthe Tangent modulus, millions of Ib per sq in 


, Fig. 12—Typical Its of tensile test HK31X-A i 
The bottom and top edges are milled and routed from ph - pe gong ee — 


thick plate stock and have a 1 in. thick beveled lip 

machined for welding. The welds shown in the photo- AZ31-B. The flat sides were designed by rectangular 
graph are all single-vee butt welds with an internal seal membrane analysis and are ¥@ in. thick. At 30 psi the 
bead. This type of joint gives better heat balance than excursion in the center of the largest side was 0.127 in., 
fillet welds and is preferred for pressure welding. For with no permanent set occurring. 

the same reason, HK31-A filler rods are used to obtain With slightly greater space allowance it would be pos- 
the maximum density of weld metal. Such extensive sible to decrease the skin thickness, thereby saving weight. 
machining, actually a hogging operation, is only feasible Stiffeners can be added either inside or outside to re- 
because of magnesium’s machineability, The material duce the bowing to a tolerable value. 

used throughout, with the exception of the filler rod, is (Continued on page 256) 
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An ELECTRICAL MANUFACTURING 
European Report on: 


British — 
Magnetic 
Amplifier 
Developments 


D. A. RAMSAY and B. W. GLOVER 
Applied Electronics Laboratories 
THe Generar Etecrric Co. Lrp. 
Stanmore, Middlesex, England 


THE SINGLE-CORE, HALF-WAVE MAGNETIC AMPLIFIER pro- 
posed by R. A. Ramey (1)* in 1951 provides a con- 
venient starting place in the study of the practical aspects 
of amplifier design. To facilitate the study further, in 
fact, a simplified form of the Ramey amplifier is useful 
(Fig. 1). In this circuit, called an “auto half-wave Ramey 


*Italic numerals in parentheses refer to Cited References at end of article. 





| 


Ye S| 
r 

er} 

| 


F | Reoctor 





control 
element 


| 
| 
| Contro! 
element 


te ) 


| 7 Transistor | 
| 
| 
| 
| 
| 
| 
| 











Fig. 1—Auto half-wave Ramey magnetic amplifier with either 
a voltage source or a transistor control element. 
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The British approach to the analysis of mag- 
netic-amplifier circuits and their practical 
application provides grounds for fresh think- 
ing in a basic area. Component selection to 
obtain maximum performance and the physical 
and electrical characteristics of amplifiers 
actually constructed are also given. Circuits 


described include: 


© Auto half-wave amplifier 
P Full-wave d-c power supply 


© Bridge full-wave, auto-self-excited am- 
plifier 


© Duodirectional amplifier for d-c or a-c 
output 


© Diode switch in a self-excited circuit 


magnetic amplifier,” it is necessary that the saturable 
reactor have a rectangular B/H loop, ideally of the form 
shown in Fig. 2. The unsaturated impedance of this ele- 
ment is assumed to be much greater than the resistance 
of the load, R,. The control voltage is a rectified, sinu- 
soidal voltage source, e,, of the same frequency and 
phase as the a-c supply voltage, e,, and is variable from 
zero to a maximum equal to e,. The relationship between 
the two voltages may be seen in the curves of Fig. 3. 

During the half cycle from wt = —zx to wt = 0, the 
magnetization level of the reactor’s core moves over the 
path 1-2-3-4. This is the “reset” half cycle. From wt = 
0 to wt = x, the “output” or “gating” half cycle, the core 
saturates over the path 4-5-6. The moment the core 
saturates (designated as wt — 6), the supply voltage ap- 
pears almost entirely across the load and the current 
b= tase: 

The circuit being considered is classed as a half-wave 
amplifier since its output is essentially the half-wave rec- 
tified a-c supply voltage, with each positive half cycle 
suppressed over the electrical angle from ot 0 to 
wt = 6. By analogy to thyratron action, 6 is called the 
“firing angle.” By detailed analysis, it can be shown that 
the mean voltage across the load is equal to 4% the mean 
control voltage; or, using capital letters to indicate mean 
values, 


E, = 1,E, for 0= E. = E, 


The system is thus a linear voltage amplifier with a gain 
of one half. Figure 4 shows this relationship. There is a 
small output voltage when E, = 0 due to the flow of 
magnetization current. 

Amplifier Characteristics. The power gain in this 
amplifier is inversely proportional to the magnetizing 
current and, consequently, to the core watts loss per 
pound. Thus the power gain is affected by the size and 
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design of the reactor but has an upper limit set by the 
magnetic properties of the core material, Using as a 
core material HCR (Telcon) in 0.004 in. laminations, 
power gains of about 50 have been obtained at a supply 
frequency of 2400 cps. Since the iron and copper losses 
in the reactor are the major losses in the system, the 
core material also sets an upper limit on the amplifier 
efficiency. Efficiencies of 70 and 80 per cent can readily 
be obtained. 

Since there is a minimum time lag of only one half 
cycle between the input and output of this amplifier, it 
is said to have a “high-speed” response time to distin- 
guish it from earlier types whose response times are of 
the order of 10 cycles. To a sinusoidally varying control 
signal, this amplifier has a frequency response of zero 
to 14 the a-c supply frequency, where the phase lag is 
45 deg and the voltage gain is about 3 db down. 

Transistor Control Element. Suppose a transistor 
control element (as shown in the box in Fig. 1) is used 
to replace the control voltage source. (2) During the 
negative half cycle of e,, a distorted half cycle of voltage, 
e.’, is generated across the transistor by the resetting 
current flowing through its non-linear resistance. With 
the proper base current, /,, applied to the transistor, its 
output voltage can be used to control the magnetic ampli- 
fier just as the original control voltage source did. In 
this simple circuit, the signal and power amplifying 
properties of the transistor are effectively cascaded with 
those of the original amplifier. 

Materials and Components. It has already been 
stated that the loss in the core material limits the power 
gain and efficiency of this magnetic amplifier. In general 
the slope and the linearity of the B/H relationship in the 
unsaturated core material also directly affect the power 
gain and the output/input linearity, respectively, of the 
amplifier. In addition, the core material sets an upper 
limit on the a-c supply frequency and hence it also limits 
the maximum possible amplifier bandwidth. 

If the reverse current leakage of rectifier 1 in the 
circuil of Fig. 1 were of the order of the magnetizing 
current, a flux reset would be caused independently of 
the control element, thus upsetting the amplifier per- 
formance. Further, if the rectifier reverse current should 
vary as a result, say, of temperature fluctuations, a zero 
instability would result. For minimum leakage current 
and temperature stability, silicon junction diodes are 
of particular importance to magnetic amplifier design. 

Since the transistor control element in this case is 
d-c coupled, the zero stability and gain of the amplifier 
are related to the level of the transistor Jgg and its varia- 
tion with changes in temperature. It is desirable that 
the transistor have a maximum operating temperature 
of 150 C. (Most of the other components in the amplifier 
are capable of operation to 150 C.) Consequently, silicon 
transistors appear to be more attractive for this applica- 
tion than those made of germanium. 

Because of their relatively low impedance levels, mag- 
netic amplifiers often require capacitors of fairly high 
value. Thus, the development of tantalum electrolytics 
with high capacity ratings in small volumes is im- 
portant for magnetic-amplifier applications. 

Half-Wave Ramey Magnetic Amplifier. In the 
auto half-wave amplifier just described, the output and 
reset circuits are closed through a common a-c supply 
and a common winding on the saturable reactor. Figure 
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Fig. 2—The ideal, rectangular B/H loop for the Ramey 
amplifier. 
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Fig. 3—Wave forms of various voltages, current and flux density 
for the Ramey amplifier. 
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Fig. 4—Output vs input voltage 
for the auto half-wave amplifier. 











5 shows an equivalent circuit for an amplifier in which 
the output and reset branches are closed through sepa- 
rate windings and separate a-c supplies. If p is the ratio 
of output to reset turns, the voltage level in the reset 
circuit is 1/p times that in the output circuit. The volt- 
age gain with a voltage source control element is there- 
fore 1% p. 
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Fig. 5—Auto half-wave 
amplifier with separate 
windings and separate a-c 
supplies for the output 
and reset branches. 





























Fig. 6—Two half-wave circuits combined to give a full-wave 
rectified ou.put voltage. 
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Fig. 7—Half-wave magnetic amplifier used as a d-c power 
supply. 
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In this amplifier the output is electrically isolated 
from the input and the voltage gain may be greater than 
unity. With a transistor control element the reset circuit 
may be designed to operate at the voltage level best 
suited to the transistor, whatever the output voltage level. 

Full-Wave Ramey Magnetic Amplifier. Figure 6 
shows two half-wave circuits combined to give a full- 
wave rectified output voltage, with every half cycle sup- 
pressed from zero to 6. One half cycle of the supply is 
thus the output half cycle for one core and the reset 
half cycle for the other core. This fu'l-wave amplifier 
has a frequency response of zero to half of the supply 
frequency, or twice that of the half-wave circuit. At half 
the supply frequency the voltage gain is about 3 db 
down and the phase lag is 90 deg. The frequency response 
of this amplifier is the best that is obtainable from a 
single-phase unit. 

Stabilized Power Pack. The use of the Ramey half- 
wave and fu!l-wave amplifier circuits in the design of 
stabilized d-c power supplies is illustrated in Figs. 7 and 
8. Figure 7 is a —780-volt, 2.5-ma supply which can be 
varied about a preset value by an external signal. This 
supply and four using the circuit in Fig. 8 have been 
combined as individual modules in the power pack shown 
in Fig. 9. The four full-wave circuits supply —10 volts 
at 200 ma, +25 volts at 200 ma, +125 volts at 100 ma, 
and —350 volts at 65 ma. 

The range of controlled output power in these five 
amplifiers is about 50 times the maximum dissipation in 
the transistor. Their overall power gains are about 15,000 
and their voltage gains range from 30 to 500. The efh- 
ciencies of the stabilized supplies are about 50 per cent. 
Efficiency has been sacrificed to reduce size. 

The details of one of the power supp!y modules are 
shown in Fig. 10. Printed circuit boards form the vertical 
sides of the block and a hole in the base plate contains 
the transistor. Saturable reactor cures are formed of 
0.004 in. HCR in % in. by 34 in. U-laminations. These 
are contained in a high-cheeked bobbin which obviates 
core clamps and makes possib'e resin-casting without 
magnetic deterioration. Wire sizes up to (British) Stand- 
ard Wire Gage No. 48 are used. All rectifiers are com- 
posed of silicon diodes mounted on printed circuit boards. 
All capacitors are tantalum electrolytics. 

Auto-Self-Excited Magnetic Amplifier. The ampli- 
fier circuit shown in Fig. 11, one form of a well-known 
type, has an output circuit and output voltage identical 
to those of the Ramey bridge full-wave amplifier. How- 
ever, the cores used in the circuit in Fig. 11 need not 
have rectangular B/H characteristics (B in Fig. 11). 
In this circuit, the minimum flux value in the core (which 
again determines the firing angle) is established, not by 
































Full-wave d-c power supply. 
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Fig. 9—Modular power supplies. Circuits of these units are 
shown in Figs. 7 and 8. 


imposing a resetting voltage across the control winding 
as in the Ramey circuit, but by impressing a controlling 
H-field on the core. The H-field is proportional to the 
mean value of the current in the control circuit, /,. The 
output/input curve of this amplifier is shown at C in 
Fig. 11. 

Due to the high inductive impedance of the control 
circuit (at least one core is unsaturated at any instant), 
the response time of this amplifier is usually of the 
order of 10 cycles of the a-c supply. This results, however, 
in high power gain (10°, for example) since the control 
current is integrated over a number of cycles of the a-c 
supply. The power gain times bandwidth product of this 
circuit would be similar to that of a Ramey circuit with 
the same reactor elements. This amplifier provides good 
isolation of input and output circuits and good zero 
stability (of the order of 10° watts referred to the input 
circuit). 

The auto-self-excited magnetic amplifier is particularly 
useful as a d-c signal amplifier where a transistor ampli- 
fier will not provide the required zero stability and out- 
put voltage level. (3) The details of such a circuit are 
shown in Fig. 12. This is a push-pull amplifier with a 
voltage gain of 30, an input impedance of 15,000 ohms 
and a smoothed output of +40 volts into a 10,000-ohm 
load. It has a zero stability of 3 x 10° watts for a supply 
voltage variation of +5 per cent and an ambient tem- 
perature variation from 20 to 50 C. The power gain is 
about 1400 and the frequency response is zero to about 
10 cps. This amplifier requires about 3 watts supply 
from the 2400 cps source. The maximum possible ef- 
ficiency of a d-c push-pull amplifier of this type is about 
15 per cent. 

One half of the push-pull amplifier described above 
can be used to obtain a single-ended d-c output variable 
from zero to 110 volts into a 20,000-ohm load. This 
amplifier has a voltage gain of 30. 

The construction of these two d-c amplifiers is shown 
in Fig. 13. Their construction is similar to that of the 
power supplies described earlier. The reactor elements 
use the same type of bobbin and the same size U-lamina- 
tion, but the core material in this case is 0.004 in. Mu- 
metal. 
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Fig. 11—Bridge full-wave, 
auto-self-excited magnetic amplifier. 
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High-Speed Magnetic Amplifier. After Ramey had 
shown that half-cycle response was possible, it became 
clear that similar response could be achieved from cir- 
cuits other than the basic Ramey design. The normal 
auto-excited circuit (Fig. 14A) has a very slow re- 
sponse because its control winding links two cores which 
operate on different half cycles of the supply and because 
there is a path for circulating currents in the output 
circuit. If we now reverse one of the diodes and use a 
center-tapped load as in Fig. 14C, the circulating path is 
eliminated and the two cores fire during the same half 
cycle of the supply. The new circuit now has half-cycle 
response provided that both cores are magnetically 
saturated at the same time during some part of the output 
half cycle. 

Two other circuits of the same class are also shown in 
Fig. 14. In circuit E, the center-tapped load has been 
eliminated by the use of a tapped supply transformer; 
in circuit F, both the tapped load and the tapped supply 
transformer are eliminated. All three circuits produce 
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Fig. 12—Auto-self-excited amplifier with push-pull d-c output. 


a half-wave output reversing in phase and polarity when 
a control signal of reversing polarity is applied. 

An important use for high-speed magnetic amplifiers is 
in the control of motors in closed-loop servos. For this 
purpose full-wave output circuits are preferred since their 
time of response is only half that of a half-wave ampli- 
fier. The most useful circuit for duodirectional a-c output 
is shown in Fig. 15A. The control windings of reactors 
firing in the same half cycle are connected in series with 
resistors and then in parallel pairs to eliminate cross 
coupling, and the output circuit is arranged to eliminate 
circulating paths. Such a circuit can be controlled either 


Fig. 13—Two d-c magnetic amplifiers, one full wave and one 
half wave. 
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with d-c or, after the reversal of a pair of control wind- 
ings, with amplitude-modulated a-c. For an a-c output, 
the center-tapped load can be a mixing transformer; but 
for reversing-polarity d-c, a resistor is preferred. 

The simplest arrangement for obtaining a d-c output 
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Fig. 14—Normal auto-excited amplifier (A) and its output (B) ; 
auto-excited amplifier with one diode reversed and load center 
tapped to eliminate circulating currents (C) and its output (D). 
Same amplifier is shown at (E) with center-tapped supply 
transformer and at (F) with additional components to achieve 
same effect. 
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Fig. 15—(A) Duodirectional full-wave output circuit with half- 
cycle response for a-c output. (B) Same amplifier with d-c out- 
put circuit. In both (A) and (B) control is by amplitude- 
modulated a-c supply frequency. One pair of control windings 
must be reversed for d-c control. 
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with half-cycle response and good efficiency is a circuit 
suggested by Maine (4) and shown in Fig. 15B. Figure 
16A shows the Maine principle applied to a normal auto- 
excited circuit to obtain half-cycle response without in- 
version of one of the diodes. In this circuit, circulating 
currents in the output are prevented by the use of diodes 
D1 and D2 and resistors Rl and R2. Control of the cir- 
cuit is possible by means of series connected windings, 
providing that only those windings which link cores firing 
in the same half cycle are connected in series. The method 
is wasteful of power, however, due to the presence of 
the resistors in the control circuit and since control can 
only reset cores during one half cycle, flowing without 
effect during the firing half cycle. 


ce 






































\ ale 








let 
let 


























= = 























pe 
led 


B 

















Power gain can be increased by the use of the diode 
switch shown in Fig. 16B. (5, 6) In this circuit, the sig- 
nal is applied to the control windings only during the half 
cycle when reset can take place. These circuits can also be 
cascaded (as shown in Fig. 17) so that half-cycle re- 
sponse per stage is preserved and so that the overall 
power gain approaches the product of the individual 
per-stage gains. Core bias and zero set in the circuit 
shown in Fig. 17 can be adjusted by means of the poten- 
tiometers in both stages. To minimize drift, all load 
circuit rectifiers are shunted by resistors with sufficient 
resistance to make insignificant any variation (due to 
temperature changes) in the reverse characteristics of 
the rectifiers. For this application, germanium or silicon 















































Fig. 16—(A) The Maine principle applied to a normal auto-excited circuit to obtain half-cycle response without inversion 
of one of the diodes. (B) The diode switch is used in a self-excited circuit to conserve power. 
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The circuit of Fig. 16B may be cascaded so that half-cycle response per stage is preserved and 
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so that the overall 


power gain approaches the product of the individual gain per stage. 


Fig. 18—Experimental model of a two-stage amplifier with 
circuit similar to that in Fig. 17. 
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Fig. 19—Oscillograms showing response time to a step signal 
of a two-stage, high-speed magnetic amplifier. Left, signal on; 
right, signal off. 


62 


rectifiers are recommended because of their inherently 
low reverse leakage. 

Using cores of HCR laminations and working from a 
supply frequency of 400 cps, the amplifier shown in Fig. 
17 has an overall power gain of from 10,000 to 20,000, 
or about 200 per stage with a 60 per cent efficiency in 
the output stage. Figure 18 shows an experimental model 
of a two-stage amplifier with a circuit similar to that 
shown in Fig. 17. It was designed to control a 0.5-hp, 
3-phase, 400-cps motor and has a response time to a 
step function of about 1 to 114 cycles as shown in the 
oscillograms in Fig. 19. O00 
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Vertical boring, facing and turning 
machine designed to machine parts 
8 ft in diam, 8 ft high. Workpiece is 
held stationary. Basic statistics: floor 
area 30 x 33 ft; overall height 43 ft; 
work table 11 x 13 ft; main bridge 
6 x 18 x 6% ft high; outside turning 
ring 10 ft ID, 14 ft OD, 3 ft deep; 
quill 24 in. diam, 24 ft long, 9%6-in. 
continuous feed; spindle 13 in. diam 
with 24-in. diam nose; columns 4 x 4 x 
28 ft. high; machine base 11 x 26 ft x 
30 in. high; approximate weight 700,- 
000 Ib. (Morton Manufacturing Co., 
Muskegon Heights, Mich.) 


Machine-Tool Control Advances 


The 22nd Westinghouse Machine- 


Tool Forum disclosed progress on 
numerous fronts, ranging from de- 
velopments in components to com- 
plete systems. Reports selected to 
indicate the scope of ideas covered 


in the Forum are abstracted here. 


DESPITE RECESSION-JUSTIFIED CUTBACKS in engineering 
travel budgets, over 500 engineers attended the 22nd 
Machine Tool Forum sponsored by Westinghouse Elec- 
tric Corporation in Buffalo, N. Y. in April. Total attend- 
ance was down 100, but the number of companies repre- 
sented (over 120) was roughly the same as last year. 
Marketing problems, particularly ways and means of en- 
couraging replacement of absolute tools, were a primary 
subject of discussion. Also, the Electric Standard Com- 
mittee of the National Machine Tool Builders’ Association 
reported preliminary work on an electronics standard. 
Some nineteen technical papers were presented; signifi- 
cant details from nine of these are reported on the fol- 
lowing pages. 





@ 2-5 AMP SILICON POWER TRANSISTORS 


New 2- to 5-amp silicon transistors are 
fused of a high quality zone-levitated 
material with “undoped” resistivity over 
500 ohm-cm and life times from 300 “sec 
to over 1000 “sec. Encapsulated unit at- 
taches to heat sink with screw stud; all 
leads are in the base. 
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Voltage characteristics of 300-volt unit. 
Voltage ratings are _ collector-emitter 
values in the emitter-base short condi- 
tion. Current at rated voltage is equal 
to, or less than, 10 ma for all voltage 
ratings. 


64 


A NEW LINE OF fused silicon power 
transistors that will switch up to 1500 
watts d-c was introduced by H. W. 
Henkels and T. P. Nowalk of Westing- 
Semiconductor Dept., Young- 
wood, Pa. The devices are designed to 
operate at 150 C, with expectations of 
200 C maximum junction temperatures 
ultimately. Voltage ratings (Vcr) ex- 
tend in 50-volt increments to 300 volts. 
An exceptionally low saturation resist- 
ance makes the series especially suited 
to high power switching, although 
125-watt Class A operation is possible 
in controlled ambients. 
Ratings. The accompanying 
table lists all parameters required for 
rough estimation of power ratings, with 
fixed case temperature. Internal ther- 
mal resistance approximates 0.5 deg C 
per watt, junction to case base. 

With highest 


ratings the 


house 


Power 


voltage and current 
ultimate power-handling 
capacity as a d-c switch is 300 x 5 = 
1500 watts. Under this condition power 
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I--collector current , amperes 


Characteristics of common-emitter con- 
figuration commonly used for low fre- 
quency d-c switching. 


dissipation in the output circuit is 10 
watts or less, in the input 0.75 watts 
(with a gain of 10, giving 0.5 amp base 
drive and 3 ohms input resistance). 
Temperature rise junction-to-case is 
calculated to be 10 x 0.5 = 5 deg C; 
the device will function at full load with 
case temperatures up to 145 C with 
an efficiency of over 99 per cent. 
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Current ratings of new series are based 
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current gain of 10. 
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Low saturation resistance (ranging from 
0.6 ohm at 2 amp to less than 0.4 ohm 
at 5 amp) keeps internal dissipation at 
a low value when transistor is full on to 
permit maximum power-handling capa- 


bility. 


Essential Parameters for Transistor Power Ratings 


(Common Emitter Configuration) 
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Power-handling capacity 


Internal dissipation 
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Internal thermal resistance 
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Temaz maximum rated current 


CEmaz 


maximum rated collector-to-emitter voltage 


saturation resistance, i.e., resistance in the full ON condition 


fraction of cycle device is O 


leakage collector-to-emitter in OFF condition 


d-c resistance, i.e., Vaz/Iz with I, that required to give full ON condi- 
tion, and Vcz approximately 1 volt 


| 
| base current for full ON condition 


R; 


d-c input resistance, i.e., Vez/Iz, Vcz approx. 0.5 Vermes 





The switch ratings are maximum values for low-frequency operation. 
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Saturation resistance is one of the most carefully controlled parameters of the new 
transistors, as typified by the above distribution of values for a number of units. 


ve STATIC INPUT DEVICES 


FIVE NEW STATIC INPUT DEVICES, each 
a self-contained package compatible 
with either relay or static (Cypak) 
controls, were announced by A. M. 
Magagna of Westinghouse’s Director 
Systems Dept: a proximity limit switch, 
a dual safety interlock for punch press, 
an adjustable time-delay unit, a preset 
counter and a reversible counter. 

The proximity limit switch consists 
of a molded sensing head and a con- 
trol unit. The sensing head is half of 
an inductance bridge used to detect 
the presence of magnetic material 
within an adjustable operating distance 
of 4g in. minimum to ¥% in. maximum. 
Control unit contains rest of bridge, 
power supply, phase detector and flip- 
flop. Unit operates on 117 volts, 60 cy- 
cles and will drive a 24-volt d-c relay 
or solenoid coil with 8 watts demand 
on a 12-18 volt d-c Cypak element. It 
will operate up to 20 times per sec. 

The press safety interlock also oper- 
ates on 117 volts, 60 cycles and will 
deliver 6.5 volts, 250 ma half-wave d-c 
when, and only when, both palm but- 
tons are depressed. When one palm 
button is released, output is deener- 
gized and cannot be reenergized until 
the other palm button is also released. 
Each palm button is a contactless de- 
vice; depressing the button “switches” 
the reluctance of a magnetic coil en- 
capsulated in the unit. All components 
in both pushbutton housings and the 
control box are potted to prevent tamp- 
ering. 

The time delay unit, still under de- 
velopment, will combine transistor and 
magnetic elements, with operation from 
117 volts, 60 cycles to deliver either 
10 watts, 24 volts full wave d-c or an 
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alternative 12-18 volts for Cypak logic 
elements. Delay will be variable from 
0.10 sec to 1.50 min with instantaneous 
reset and optional built-in memory. 
The preset counter is a transistorized, 
modularized decade unit that will oper- 
ate from 110 volts a-c. Input count 
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Input resistance is approximately 2 to 3 
ohms at rated current. Differential input 
resistance is much lower at reasonable 
quiescent points for Class A operation. 


Static proximity limit switch with built- 
in power supply to operate from standard 
a-c line voltages will operate conven- 
tional relays or Cypak logic elements. 
Sensing head mounts on machine; con- 
trol unit goes in control cabinet. 


signal can be supplied by a mechanical 
device, cadmium selenide photocell (up 
to 200 counts per sec), or a photo- 
transistor (up to 10,000 counts per 
sec). 

Two other counters under develop- 
ment are a reversible counter that will 
add and subtract and a preset counter 
that can be preset by punched card, 
punched tape or magnetic tape. 
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@ A-C ADJUSTABLE-SPEED DRIVES 


REPRESENTING A NEW CONCEPT in pack- 
aged a-c adjustable-speed drives, Rec- 
tiflow drives consist of a wound-rotor 
induction motor and a d-c motor with 
a common output shaft. According to 
W. R. Harding of Westinghouse Motor 
Engineering, a-c secondary or rotor 
current is circulated through selenium 
or silicon rectifiers to the d-c motor 
armature. This circulating current, and 
hence motor torque, is determined by 
the difference between the a-c secondary 
voltage and the d-c armature counter- 
emf. The latter is controlled by a rheo- 
stat, magnetic amplifier or electronic 
controls in the separately excited d-c 
shunt field circuit as follows: 


Control circuit for rectifier 
adjustable-speed a-c drive 
package consisting of 
wound-rotor induction mo- 
tor and d-c motor on a 
common shaft. 
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When the d-c motor field is weakened 
during operation, the counter-emf de- 
creases and more current flows. This 
produces more torque in both machines 
and the drive accelerators. As speed 
increases, the rotor slip voltage de- 
creases, the counter-emf increases and 
circulating current decreases to the 
amount necessary to sustain the new 
operating speed. When d-c field is in- 
creased, counter-emf is increased, cir- 
culating current is decreased and the 
motor slows down. 

Rectiflow drives are available with 
1% to 1, 2 to 1 and 3 to 1 speed ranges 
for both constant-horsepower and con- 
stant-torque applications in drip-proof, 
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Speed and voltage relationships for 2 to 1 speed-range Rectiflow 
drive. With d-c field open and line starter closed, the Rectiflow 
comes up to full speed as a wound-rotor induction motor with 
a small amount of external secondary resistance. When d-c motor 
field is strengthened to 100 per cent, the d-c voltage rises to a 
value D (above) greater than the secondary a-c voltage. The 
rectifiers will then block any a-c current flow from the rotor and 
drive speed decreases until point E is reached, where a-c secondary 


100 


Current 8 power 


Efficiency & power factor, percent 





voltage is higher than d-c counter-emf and current flows to pro- 
duce torque in both a-c rotor and d-c armature. As additional 
load is applied, speed drops slightly, a-c voltage increases and d-c 


counter-emf decreases to permit more current to flow to supply 


required torque. 
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force-ventilated or totally-enclosed fan- 
cooled constructions in 74% to 500-hp 
ratings. Up to 60 hp Rectiflow drives 
can be started across the line and are 
designed to withstand a starting surge 
of five to six times full load current 
for approximately 10 sec. With a 
double-delta primary on the wound- 
rotor machine, a-c starting current can 
be reduced to 50 per cent and starting 
torque to 25 per cent of normal values. 

Advantages claimed for the basic 
design are: 

1. Rectiflow drives are suitable for 
any standard a-c voltage or frequency. 

2. Maximum overload current is in- 
herently limited by the wound-rotor in- 
duction motor. 

3. Since mechanical power is sup- 
plied by both the a-c and d-c machines, 
low rectifier ratings can be used. 

4. Wound-rotor motor protects rec- 
tifier from excessive currents, switching 
surges and grounds. 

5. Standard a-c line starter can be 
used. 

6. Wound-rotor and d-c motor char- 
acteristics combine to give great flex- 
ibility. 

7. Standard a-c and d-c motor parts 
can be built into single-unit frame con- 
struction. 

8. Speed-control by regulating d-c 
field current permits magnetic ampli- 
fiers or electronic control. 


(440 volts on stator, 
1.8 field amps on dc field) 
| 


| 125 hp 
full lood torque 


200 400 600 800 1000 
Torque ,|b-ft 


Efficiency, power factor, speed, current and 


power vs torque for a 125-hp Rectiflow drive. 
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e ““MULTIPLEXING” SIMPLIFIES PENDANT CONTROL 


ON LARGE MACHINES where a good 
many functions must be controlled by 
the operator from virtually any location 
in the vicinity of the machine, pendant 
portability can be a rea] problem—es- 
pecially when, as in conventional de- 
signs, each controlled function requires 
a separate pair of wires. One answer, 
cited by E. K. Wagner of Ingersoll 








Milling Machine Co., Rockford, IIL, is 
a logical arrangement of resistance and 
dual-control pentode gates mounted in 
the control proper that permits up to 
12 separate commands to be sent over 
a single pair of wires from the pendant 
station. The pendant itself contains only 
one snap-action pushbutton and one 
resistor for each thyratron. 


Switch | closed 
(Ven?4; Vag? 8) 
A-I2+4=-8 


Switch 2 closed 











Pendont 
station 








— 


(Vea =8, Vas =16) 


A-|2+8--4 
B-8+8-0 

C-44+8:=+4 
D+24-16-+8 
E +16 —16=0 
F +8-16:-8 


Switch | closed 
(Vea 2, Vag = 24) 
A-12+12=0 
B-8+12=+4 
C-4+12=+8 

0D +24-24=-0 





The thyratrons are strung in a bridge 
circuit so designed that when no push- 
button is actuated all thyratrons in the 
string are cut off. The operation of 
each pushbutton places a_ different 
specific voltage across the bridge that 
removes the bias from the grid of a 
specific tube (a different tube for each 
button). 


I5O0v 60cy 
500 


=D OOSMF 


























E +16 —24:-8 
F + 8—24=-I6 


Basic Portatron’c circuitry. Gl furnishes a 4-volt drop across each of 
resistors RJ, R2, R3 and G2 furnishes an 8-volt drop across each of 


resistors R4, R5 and R6. Resistance of RA is half that of RB. G3 and 
RC1, RC2, RC3 are adjusted so that when S3 is closed, Vr« is 12 volts 
and Vex is 24 volts; when S2 is closed, Vrs is 8 volts and Vex 16 volts; 
when SI] is closed, Vxa is 4 volts and Ves 8 volts. Resulting voltages 
with respect to K for terminals A to F are tabulated as shown. Thus, 
for each switch there is one pair of terminals (AD, BE or CF) across 
which the voltage is zero. In each of the other pairs there is a negative 


voltage present. 














Operational Portatronic circuitry. By using a dual 
control pentode (2D21 thyratron) for each pair of 
terminals, only one tube at a time will conduct, 
depending en which switch (snap-action pushbutton) 
is actuated. Conducting thyratron actuates a telephone 
pilot relay, shunted by a selenium rectifier to prevent 
chattering. Using above circuitry, up to twelve tubes 


can be used in one string. 


os DESIGNING CONTROL CONSOLES TO AID TROUBLE SHOOTING 


Transfermatic console layout simulates plan view of machine. Unit lamps are arranged 
in six rows, top to bottom: “Dim-unit is back; bright-back and cycled,” “Unit on 
hand or off,’ “Dim-unit is back; bright-back and cycled.” Along panel bottom are 
grouped, left to right: control pushbuttons, basic machine lights and auxiliary lights. 
The emergency return button is located with the auxiliary lights. Basic machine 
lights are arranged in vertical pairs (“Pins are in” atop “Pins are out”). 
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THE PILOT-LIGHT DISPLAY PATTERN of 
the control console for'a transfer ma- 
chine has an important role in trouble- 
shooting. The electrical maintenance 
operator usually seeks his first clue 
to the cause of machine breakdown by 
observing which lamps are lit. Accord- 
ing to Frank G. Boledovich of the Cross 
Co., Detroit, the design of the control 
console, and the arrangement of pilot 
lamps deserves as much attention as 
the design of the related circuitry. 

The information to be displayed 
should define the state of: (1) the 
basic machine, (2) individual unit 
mechanism and (3) auxiliary or serv- 
ice devices. 

The state of the basic machine is 
indicated by information from clamps, 
movable locating pins and transfer 
traverse mechanisms. Generally, pilot 
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lamps that indicate the two extreme 
positions of these devices will prove 
adequate. Multiple devices at one sta- 
tion (such as independent clamping 
mechanisms) may require independent 
pilot lights, although one pair of lamps 
may often serve a group of devices. 
The state of individual unit me- 
chanisms is represented by information 
from feed units, gaging mechanisms, 
probing devices, tapping units and in- 
dexing mechanisms. For overall simplic- 
ity, pilot lights indicating step-by-step 
progress of a unit mechanism should 
be incorporated in a separate pushbut- 
ton station located at the unit (if nec- 
essary at all). The only unit informa- 
tion required at the console is that 


which reflects a point of electrical in- 
terlocking with the machine. A unit-in- 
dicating lamp should answer one or 
more of these questions: (a) is unit 
in normal position? (b) has unit com- 
pleted a cycle since last transfer? (c) 
is unit set for automatic cycling or 
manual operation? or (d) has a fault 
been detected at the unit? Lamps not 
answering at least one of the questions 
do not belong on the console. Where 
lamp minimization is desirable, one 
lamp can sometimes serve a dual func- 
tion—for example, glow dimly when 
unit is in normal rest position and 
glow brightly when unit has completed 
its cycle and returned to normal rest 
position. 


Auxiliary or service devices, not 
part of the machine proper and with 
no direct relation to machine cycle, in- 
clude automatic tube system, coolant 
systems, chip conveyor and devices for 
programming tool changes. Since fail- 
ure of these devices is usually cause 
for automatic shutdown, one lamp per 
device is usually sufficient. Such lamps 
should be extinguished when operation 
is normal and illuminated | (preferably 
“red”) when a fault occurs. 

The Cross Company has developed 
two different console types as _ illus- 
trated. In one, lamps of similar func- 
tions are grouped in small clusters; in 
the other scheme the lamp layout sim- 
ulates a plan view of the machine. 


@ j$TOP-SWITCH PROGRAMMER FOR AUTOMATIC MILLING MACHINE 


~ THE ORIGINAL CONTROL DESIGN CRITERIA for the new Kearney & Trec- 

ker Milwaukee-Mil were: (1) the machine was to be as automatic 
in operation as present techniques permit and (2) control equip- 
ment was to be as simple and rugged as practical, consisting pri- 
marily of switching equipment with no electronic equipment. First 
step in the design, according to Frank Zankl, was to consider the 
programmed path of the cutter as consisting of two basic elements— 
function and rate. 

Ten functions are performed by the basic machine: head up, head 
down, table right, table left, quill in, quill out, stop (operation reset), 
reset (stepping switch to home), left copy, right copy. (The latter 
two functions are for rise-and-fall milling with an optional hydraulic 
tracing or follower valve to position the head with respect to a 
template.) Two rates are considered: rapid traverse and feed. The 
former is fixed by design, the latter is present by pickoff gears. 

Machine is designed to perform closed-cycle milling with up to 
ten separate functions (phases) in each cycle. A separate selector 
switch is provided for each phase; each switch is preset to a specific 
function. A stepping relay, activated by “function-change” dogs and 
contacts on the machine proper, indexes each phase in turn. Rate 
change from rapid traverse to feed is also accomplished by dogs on 
the machine. 


Milwaukee-Mil bed-type milling machine for automatic 
closed-cycle milling, including rise-and-fall milling 
with optional hydraulic valve follower (center). 
Machine is programmed by selector switch settings 
and adjustable dogs on all slides, or manually operated 
from pendant station. 


Hydraulically controlled transmission consisting of (top to bottom) : 
rotating nut that drives a fixed table screw, right and left direction 
clutches, rapid traverse and feed rate clutches. For abrupt, precise stops 
without overshoot both right and left driving clutches are energized 
when feed-rate on rapid traverse clutches is deenergized. 


Stepping switch activated by dogs on machine (or 
“reset” setting on tap switch) to index successive 
phases. 


68 ELECTRICAL MANUFACTURING 





@ POSITION READOUT FOR PENDANT STATION 


Four INSTRUMENT SERVOS provide bi-directional readout at 
the operator pendant station to the nearest 0.001 in. for 
each of the four movements of a large horizontal boring 
machine. The servo approach was chosen over optical or 
closed-circuit TV methods, according to A. O. Fitzner of 
Giddings & Lewis Machine Tool Co., Fond du Lac, Wisc., 
because it provides direct reading on both sides of a re- 
ference zero that can be adjusted at will by the operator. 
To establish the reference for the headstock, for example, 
the headstock is first positioned with respect to the work- 
piece prior to boring the first hole. If the blueprint says 
the hole is exactly 10.000 in. above the blueprint reference 
zero, the operator presses the proper indicating lamp to 
actuate a relay in the servo amplifier that will cause the 
servo to drive the counters full speed toward -+-10.000 in. 
As the reading approaches the valve the operator releases 
the button and system jumps back into synchronism at 
nearest null (nulls exist every 0.500 in.). Vernier adjust- 
ments are then used to set counter at exactly 10.000 in. 
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115v. 60 cps 
input 


Basic servo system. Torque motor on synchro generator takes 
up backlash. Servomotor corrects angular error between 
synchro generator and control transformer and simultaneously 
advances counters. Vernier adjustment on panel-front rotates 
stator of control transformer and servomotor follows. De- 
pressing one of the pushbuttons causes servomotor to drive 
counters up or down at full speed. Lamps are actuated by 
cam-operated miniature switches in the counters. 
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G & L Series 1210-FUAR horizontal boring machine with four 
servo-drive position-readout modules in pendant station. Each 
model has a range of + 999 in. and will follow position within 
0.001 in. at speeds up to 120 in. per min. Movements measured 
are: (1) headstock up and down, 12-ft travel; (2) column 
backward and forward, 18-ft travel; (3) spindle in and out, 
8-ft travel; (4) underarm in and out, 8-ft travel. 


Closeup of headstock travel readout. Position indicated is 7.354 
in. up from reference and top left indicator lamp is lit to 
tell operator to read top register. (If headstock were below 
reference setting, bottom lamp would light; if at zero, both 
lamps would light). Indicator lamps are also pushbutton 
switches. Pressing top lamp drives counter up; pressing bottom 
lamp drives counter down. Silver ring and black knob between 
lamps are coarse and fine vernier adjustments respectively. 
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@ GIANT BORING MACHINE IS “THE END” 


NINETEEN MOTORS ranging from ly to 
100 hp and six variable-voltage devices 
power the large vertical boring, facing 
and turning machine presented by 
Robert E. Morton of the Morton Manu- 
facturing Co., Muskegon Heights, 
Mich. In a unique approach to verti- 
cal turning, the workpiece is held sta- 


tionary and turning is performed by 
an outer turning ring and a center 
boring head. A visual tracing indicator. 
closed-circuit TV and complete numeri- 
cal positioning controls are at the 
operator's disposal. 

Following is the machine cycle for 
machining the workpiece shown in the 


Cross-section of typical finished workpiece in place. Operation performed: (1) straight 
bores from 16 to 60 in. diam; (2) circular slots with various bottoms on root shapes; 
(3) circular T-slots and special offsets on hook-contoured forms; (4) spherical or 
irregularly-contoured cylindrical surfaces; (5) facing operations; (6) outside flanges 


and slots. 
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cross-section sketch shown _ below. 

Before loading the workpiece the 
work table is forward and bridge, quill 
assembly and turning ring are in ex- 
treme up positions, allowing a 10 ft 
clearance for loading workpiece. Work- 
piece is loaded by crane, centered and 
clamped to table. Table is traversed 
to work position by 10-hp torque motor 
that locks against stops. 

The turning ring is lowered to cut- 
ting position on vertical rotating 
screws driven by a 15-hp motor. Four 
round columns of adjustable height 
support the turning ring on work table 
in a plane exactly parallel to the work 
table surface. A 30-hp variable-voltage 
drive rotates the ring unit, which car- 
ries two adjustable tool heads. Each 
tool head assembly has a self-contained 
motor and gear train remotely con- 
trolled in either radial or vertical posi- 
tions. 

The bridge is then lowered to work- 
ing position on two rotating screws 
driven by a 25-hp motor. Bridge as- 
sembly is also positioned and supported 
on a four-column structure similar to 
that used for the turning ring. 

Boring head selection follows; one 
of four heads covering diameters from 
16 to 60 in. is chosen. Each boring 
head carries two tool-holder slides. The 
feed motor is mounted on the upper 
end of the spindle and the drive is 
carried through the spindle to terminate 
in a splined drive. Feed motor rotates 
with the spindle and is powered 
through slip rings. Any one of several 
numerical positioning systems can be 
used to control the feed drive. 

When tools have been applied to the 
two tool holders and slide assemblies, 
the spindle is traversed to position by 
its 20-hp motor for engaging the tool 
settings in vertical and radial zero-re- 
ference locations. 

Operator then sets the visual indi- 
cator assembly by positioning full-size 
templates of work cross-section and 
tool-bit contour to zero references cor- 
responding to actual tool and work 
positions. Templates follow vertical mo- 
tion through a direct connection to the 
quill; radial outfeed is followed by a 
zero-backlash selsyn or syncro-tie drive. 
Visual indicator is particularly useful 
for “steering” around irregular con- 
tours which the operator can not see 
directly. 

Then the numerical positioning sys- 
tem is set and cutting speeds and feed 
rates selected for the spindle, vertical 
feed and radial feed motions. Each has 
an independent variable-voltage drive— 
chosen over mechanical gear systems to 
permit an infinite number of spindle 
speeds as well as continuously-adjust- 
able feed rates. An electrical feedback 
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system maintains a constant feed-per- 
revolution ratio (for constant chip 
thickness) over the entire spindle speed 
range. When spindle drive (100 hp) 
gear ratios are changed, the feed drive 
ratios are automatically changed to 
maintain the feed-per-revolution ratio. 


Once the machine is started on its 
automatic cycle the operator monitors 
the visual indicator and TV screen. 
When operation is complete, operator 
changes tools and settings for the next 
operation. When inside machining 
operations are completed, outside turn- 


@ $.|LECTROMECHANICAL POWER AMPLIFIERS 


A NOVEL METHOD FOR COMBINING the 
control flexibility of a two-phase servo- 
motor with the power-handling ability 
of a standard induction 
presented by R. H. Eisengrein of the 
Seneca Falls Machine Company, Se- 
neca Fails, N.Y. Heart of the device is 
a band-and-drum mechanical amplifier. 
The amplifier input is driven by a con- 
stantly rotating induction motor. Out- 


motor was 


For CCW input 


‘ CCW | 
Prime||Control|_ in 
power'| power : 

j c For CW input 





Schematic for reversible mechanical 
power amplifier. Drums are constantly 
rotating, driven in opposite directions by 
the prime mover. Servomotor supplying 
control power rotates the inner gear 
clockwise or counterclockwise, tightening 
the band on one drum and loosening it 
on the other. The band-drum combination 
forces the output gear to rotate with 
the input gear. The control input to the 
servomotor thus determines the amount 
of prime mover energy applied to the 
load and the direction of rotation. 


Power amplifier package with servomotor (without prime mover) 


put speed, torque and direction, how- 
ever, are linear functions of the servo- 
motor’s input. 

For the initial application of the 
power amplifier (to a lathe tracer) 
a special displacement transducer and 
electronic signal amplifier were con- 
structed. The system will follow the 
master template within +0.001 in., will 
approach the template at a rate of 120 
in. per min, and yet provide smooth 
control for tapers down to 1% in. per 


ing is commenced. During machining 
operator can control both boring feed 
motor and verti@l quill feed simultane- 
ously with a_ single potentiometer 
marked “steering” and thus direct the 
tool along a predetermined path by fol- 
lowing the visual indicator template. 


min — slower with change gears. 

‘Two different amplifier ratings — 
0.8 and 1.6 hp — are now in operation 
for position and rate control applica- 
tion. Other ratings are planned. Where 
extremely fast frequency response is 
desired, a 400-cycle servomotor can be 
substituted for the 60-cycle servo. The 
400-cycle power required is only 20 to 
30 watts and can be supplied by a tran- 
sistor oscillator or a small permanent 
magnet generator. 
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Initial application of power amplifier to a lathe tracer. Control signals are generated 
by a linear differential transformer in a displacement transducer. The transducer body 
moves with the tool carriage while stylus and case float independently in the body. 
Null-seeking system acts to keep stylus in contact with mechanical template. 
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rated 1.66 hp and speed-torque output curves. Maximum 


torque-to-inertia ratio at output shaft (limited by input servomotor used) is 1400 rad/sec?. Theoretical value is sixty times higher. 
Frequency response of the package is essentially that of the servomotor. 
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Introduction: 


EQUIPMENT DESIGN stems from the inherent properties 
of materials. Equipment performance is a function of the 
same properties, as they may be influenced by operating 
er.vironments. The physical and chemical mechanisms of 
materials control and determine their properties. An 
understanding of these mechanisms is therefore essen- 
tial in the contemporary practice of equipment design 
engineering. 

This understanding can be gained through a knowledge 
of the fundamental materials. Such knowledge is ap- 
plicable across the entire spectrum of design: at one 
end, it can help the engineer to understand the selection 
and application problem of the materials systems in an 
electric toaster; at the other end, it may reveal the na- 
ture of degradation of an electronic system in a missile. 

In specific terms, the equipment design engineer needs 
to know the fundamentals of physical chemistry to be 


able to rationally read, evaluate, interpret, and apply 
contemporary literature on: 

& Properties of materials. 

& The mechanisms that cause the failure of materials. 

® Research in new areas of materials development 

(such as synthesis and molecular engineering), as 
well as in new techniques in materials processing 
and application. 

Armed with the knowledge of the terminology and 
concepts of physical chemistry, the design engineer is 
able to reach out to the wealth of research and develop- 
ment knowledge already available but still unexploited 
in design application. He will also be able to realis- 
tically appraise and establish the functional limits of 
commercially available materials. 

In the discussion that begins on the page opposite, the 
principles apply essentially to all classes of materials. 
But dielectrics, obviously, have their own peculiar and 
unique position. No electrical or electronic circuit de- 
sign can be consummated without being joined to a 
concomitant insulation or dielectric system. Functionally, 
if not necessarily physically, it is axiomatic that we must 
have an insulating circuit contiguous to the electrical 
or electronic circuit. The latter is not viable without the 
former. The sophisticated design of an electrical insula- 
tion system becomes more and more difficult without a 
knowledge of the physical chemistry of the relevant 
materials. 

The diagram that appears above reflects graphically 
the indissoluble relationship between dielectrics, chem- 
istry, physics and our end target—equipment design 


engineering. 
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A functional interpretation of the basic principles common 
to all materials, with emphasis on how those principles 


determine: 


@ physical and chemical properties of dielectric gases, 
liquids and solids; and 


@ their ultimate performance in operating equipment. 


THOMAS D. CALLINAN 

Research Center 

INTERNATIONAL BustNess MACHINES CORPORATION 
Poughkeepsie, New York 


ALEX. E. JAVITZ 
Special Features Editor 


THE EQUIPMENT DESIGN ENGINEER may not be primarily 
concerned with the chemistry of the materials with which 
he deals but rather with their functional capabilities. 
But many of these capabilities (for example, arc re- 
sistance) arise from the basic chemistry of the materials. 
A knowledge of the principles of physical chemistry may 
therefore be usefully applied to the solution of such 
problems as a need for greater thermal stability, lower 
electrical losses, or greater energy storage. The engineer, 
too, frequently deals with physico-chemical effects when 
he seeks to know how temperature, pressure and nuclear 
radiation affect some material. He deals with ambients 
that appear in the kinetic, thermodynamic and photo- 
chemical studies of physical chemists. 

Such knowledge may be applied to the selection of 
optimum commercial materials or may be pointed to 
“molecularly engineered”* materials still to be developed 
through research. The relationships between dielectrics 
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(the subject of this article) and chemistry, physics, and 
design engineering are shown in Fig. 1. 

Physical chemistry is concerned with matter in one 
of its three primary states—namely, gaseous, iiquid or 
solid—and the laws which govern these states. Of these 
the laws of gases are best understood; the laws of solids 
are being increasingly elucidated; the laws of liquids 
are empirical ones and not well understood nor derivable 
at this time from the fundamental building-blocks of 
matter. 

There are also the considerably more complex, though 
no less important, secondary states of matter: the glassy, 
plastic, elastomeric, and colloidal states. Each is thought 
to be some complex mixture of materials in two or more 
of the primary states. A more thorough definition and 
characterization will be given later. 

Physical chemistry is concerned not only with varia- 
tions in the physical properties of materials in a given 
state but also with changes that matter undergoes in 
passing from one state to another. The change that the 
dielectric constant of a crystal undergoes on melting is 
an important example of such changes. 

Finally, the substantial changes that matter undergoes 
are also related to the ultimate uses of materials. For 


*See the Glossary on the last page of this article, p 92. 


(Copyright 1958 by The Gage Publishing Co.) 





A CAPSULE PHYSICAL CHEMISTRY FOR THE DESIGN ENGINEER 


example, chemical reaction rates (])+ are used in the 
study and selection of insulating materials required to 
possess long life expectancy in established ambients. 

The property of a material most often assumed by 
the equipment designer is inertness in the ambient estab- 
lished for the operation of the equipment. This is pre- 
cisely the property that chemists find to be rare. Inert- 
ness then becomes relative and becomes associated with 
changes or chemical transformations that are slow. The 
fact that a change occurs implies (a) that the proper- 
ties of the original material are affected. and (b) that 
new products that have different degrees of inertness (01 
reactivity) may form. The design engineer must there- 
fore acquaint himself not only with the kinetics of the 
system, but frequently should know the chemistry of 
materials. With such knowledge he would not consciously 
introduce into his equipment materials that may be 
undesirable. Thus pentachlorodiphenyl (commercial di- 
electrics such as Dykanol, Pyranol or Inerteen) satisfies 
many of the requirements for inertness, but if an elec- 
tric arc passes through it, hydrogen chloride is formed 
which reacts disastrously with metals and paper. 

In designing his equipment then, the engineer must 
keep in mind the chemical changes that may occur dur- 
ing the useful life of the item. Specifically, he must not 
only evaluate the effects of heat, radiation and electri 
fields on the materials he incorporates in his design, 
but he must also consider the possibility that the mate- 
rials may react with air, ozone, moisture, metals, papers 
and textiles. 

Design-wise, the concept has 


“materials system” 


achieved increasing acceptance. (2) Materials are viewed 
as being “indivisible” in their design applications: they 
are selected and specified to fit a set of functional re- 
quirements, without any preconceived predilections for 
one or another class of materials. But in the study of 
the physical chemistry of materials, the classic division 
of all matter into organic, metallo-organic, and inorganic 
compounds is a necessary tool. 

The organics are compounds of carbon such as mineral 
oil, polyethylene, cellulose. phenolics and the epoxy 
resins. The inorganics are materials such as mica, porce- 
lain, sulfur hexafluoride, air, water, aluminum, copper 
and iron. It is estimated that about 100,000 compounds 
of carbon have been prepared and characterized, while 
10,000 inorganic materials are known. One reason for 
the preponderance of knowledge of organic compounds 
is that many are associated with foods, drugs, textiles, 
paper, dyes. and petroleum derivatives. A second reason 
is that they can be classified and categorized much more 
readily than the inorganics. Metallo-organics are mate- 
rials that have carbon and metal atoms as bonded or 
linked constituents. The silicones belong to this class. 

Basic to this discussion are the assumptions that mat- 
ter consists of small discrete particles called atoms and 


in parentheses apply to Cited Referer 


that the macroscopic properties of the material arise 
from the nature, number and arrangement of these atoms. 
There are other ways of classifying materials. but this 


is the one most popular today. 


Organic Compounds 


The simplest organic compound is carbon tetrahydride, 
CH,, commonly called methane. From the fact that no 
simpler organic compound than CH, has been found to 
be stable at room temperature. it is thought that the 
natural state of a carbon atom is to be associated with 
four hydrogen atoms or other atoms that have equiva- 
lent bonding tendencies. Carbon is therefore said to 
have a valence of four and hydrogen. one. Chlorine and 
fluorine have valences of one: oxygen and sulfur, two: 
and nitrogen. three. 

The changes that organic substances undergo from 
heat alone may be divided into three types: (1) decom- 


position, (2) polymerization. and (3) 


interaction. De- 
composition. as the term suggests. involves the destruc- 
tion of a chemical into more elementary materials. 
Polymerization (the basic chemical mechanism in the 
formation of plastics) implies the construction of more 
complex molecules from small repetitive units of the 
original monomer: a simple simile is the action of string- 
ing beads. Interaction is the process by which molecules 
lose their original inertness towards neighboring mole- 
cules and form materials not originally present. All three 
processes involve the formation of molecular fragments 
called free radicals. which in turn determine the course 
of the reaction. While there are facets of this 


chemistry that are still the subject of controversy and 


many 


study. the basic theory is quite simple and straightfor- 
ward. 

When CH, is heated in a sealed container witnout 
other substances being present, it decomposes into a 
variety of materials including hydrogen and carbon, 
vields polymers like oil and wax, and interacts to form 
ethane and ethylene. The primary reaction may be pic- 
tured 

H 


,00 100 


where H.¢ is the symbol for the methyl free radical 
and H 
these molecules are electrically uncharged. Both of these 
substances are highly reactive at ordinary temperatures 
and react in a millimicrosecond with undecomposed 


is atomic hydrogen. The symbol ° indicates that 


neighboring methane molecules to yield new materials. 
Some of the reactions they cause may be shown as fol- 
lows: 

CH + CH — CH,CH,; + H 

H° + CH, — H. + CH 


The derived compounds may be considered simply as 
and CH.° building blocks. Hydrogen 
is also a product and its existence arises from the inter- 
actions of atomic hydrogen H®°. The series CH,, CH,CH 
.. . C,Hoy+2, for example, is known as the paraffin series. 

The paraffins react vigorously with oxygen to yield 


composites of CH 


carbon dioxide and water. (3) This reaction is the one 
that occurs when mineral oil combusts or polyethylene 


oxidizes. The paraffins a'so react with chlorine to yield 
chlorinated paraffins such as carbon tetrachloride. Other- 
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wise, they are relatively inert. They are unaffected by 
sodium, iron and water. Because of this inertness such 
paraffinic materials as mineral oil and paraffin wax can 
be used successfully as transformer and capacitor di- 
electrics. 

The low-molecular-weight paraffins are soluble in car- 
bon tetrachloride but those of high molecular weight. 
as might be expected, have no solvents. This is why 
polyethylene. CH,CH,(CH,CH.) ,CH.CH,: polytrifluoro- 
monochloroethylene, CF,CFCI(CF,CFC!) ,CFCICF,; and 
CF.CF.,(CF.CF.),CF.CF., are 
not affected by conventional liquids. 


polytetrafluoroethylene, 


In addition to the materials in which all of the valences 
of hydrogen (1) and carbon (4) are satisfied, there are 
substances in which, at first. it would seem that the 
valences of carbon are unsatisfied. Such a substance is 
ethylene, C.H,. To sustain the postulate that carbon has 
a valence of four. even here, it is conventional to show 
ethylene as 


H 
and to classify other materials of similar structure as 
“unsaturated compounds” and the double bond as the 
“olefin bond.” These are highly reactive substances and 
are important because (a) a multitude of important 
plastics, varnishes and coatings can be made from them 
and (b) they are found in many naturally-occurring 
materia's. These materials differ from the paraffins in 
that they react additively with oxygen and the halogens 
without the formation: of secondary products. For ex- 
ample. ethylene and chlorine react to form dichloro- 
ethane according to the scheme: 
CH CH: + Cl — CH.CICH.C! 

Some unsaturated materials are: 
Ethylene CH CH 
Propylene ( H CH CH 
Sutvlene CH,CH.CH CH 
Butadiene CH CHCH CH 
Vinvl chloride CH CHCl 
Vinyl acetate CH CHOCOCH 
letrafluorethyvlene CF CF 
Monochlorotrifluoroethylene CCIF CF 

In general the unsaturated group has a tendency to 
react with neighboring ones, thus: 
H.C CH, + H.C CH —> | 
to form long chains or polymers. 


Effect of Light 


The effect of various types of radiation on organic 
compounds is well known. Organic materials that con- 


CH.CH.CH.CH 


tain constituent chlorine atoms, for example, are affected 
by sunlight: carbon tetrachloride. for this reason, is 
stored in brown bottles. By means of the “free radical” 
explanation, the reactions of organic compounds caused 
by radiation may appear plausible. Carbon tetrachloride 
is one of the alkyl halides synthesized by chlorinating 
methane. The presence of a halogen atom (F, Cl, Br, I) 
in a compound frequently confers oxidation resistance 
on the substance. When, however, light falls on the sub- 
stance, the material becomes “excited” and decomposes 
into free radicals and atoms. This may be represented as: 


hy : 
warnnnnnn— > CH;° + Cl 
25: G 


CH;Cl 
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Fig. 1—The study of dielectric materials and dielectric phe- 


nomena is inherent in the study of chemistry and physics. The 
results of such studies are the tools for the selection and ap- 
plication of these materials in product design. 


The reaction resembles the thermal decomposition of 
methane; the difference lies in the fact that the radia- 
tional decomposition occurs at room temperature. 
Atomic chlorine is a highly reactive substance that 
will vigorously attack a neighboring molecule. It will 
abstract a hydrogen atom to form hydrogen chloride, 
and will leave a residual unstable item which degen- 
erates to carbon and tar. This is why vinyl chloride plas- 
tics darken in sunlight. The alkyl halides not only are 
easily decomposed by light, but also react with metals 
to form complex materials called Grignard 
This tendency to react with aluminum, magnesium, cop- 
per and zinc precludes the use of the alkyl halides in 


reagents. 


many categories of electrical equipment. Some of these 
materials are more stable than others. They are used 
extensively in the electrical industry for cleaning and 
(carbon tetrachloride and_tri- 


degreasing equipment 


The Particles of 


Modern Chemistry 


Electron—A particle having a relative mass of 9.1 x 
10-** grams, and bearing a single negative charge. 


Proton—A particle of matter having a relative mass 
of 1.00081 on the atomic scale and a single positive 
charge. 


Neutron—A particle having a relative mass of 1.00866 
on the atomic weight scale and having no electric 
charge. 


Atom—tThe smallest quantity of an element which is 
capable of entering into chemical combination. 


Molecule—The unit of substance, division of which 
results in the destruction of the material. 
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chloroethane, C,H,Cl,); as coolants (Freon-113_ tri- 
chlorotrifluoreethane, CCl.FCCIF.) ; as insulating liquids 
[Fluorolube, CF,CFCI(CF,CFCl),CFCICF,]; and as 
solid plastics dielectrics [Kel-F and Teflon (CF,CF,) x]. 

Electric fields, especially those found in capacitors, 
cause chemical changes to occur in organic acids that are 
important to the design engineer. Organic acids, of which 


acetic and stearic are most familiar, are characterized 
by possessing carboxyl groups, 


COOH, in their struc- 

COOH are formed, 
among other ways, by the oxidation of paraffins. Their 
presence in an oxidized or aged mineral oil, for example, 
contributes appreciably to d-c losses. More important, 


tures. Materials having the group 


however, is the fact that organic acids undergo electro- 
lytic decomposition under such circumstances. It is 
thought that the complex acids found in cable oil are 
discharged at the anode and form the wax frequently 
found in high voltage cables. Needless to say, the for- 
mation of carbon dioxide can lead to serious corona 
problems. 

The chemical reactivity of acids is well known. Their 
presence in liquid insulants is a matter of concern; it 
is essential that the insulant have a low initial acid value 
and that it should remain low throughout the useful life 
of the insulant. In practice, the number of milligrams 
of either NaOH or KOH required to neutralize 1 gm 
of a material is called its acid number. The acid number 
of most commercial liquid insulants is less than 0.01 mg 
NaOQH/gm (or KOH/gm). 

Acids react with alcohols to form esters. When a di- 
basic acid is reacted completely with a monohydric al- 
cohol the product is a diester. Dibutyl sebacate is such 
an ester; it is used extensively as a dielectric for high 
frequency capacitors and as a plasticizer. When two 
alcohol groups are in one molecule, such as in ethylene 
glycol, they can be reacted with a dibasic acid like 
maleic acid to yield a polyester. 

Acids also react with amines to form amides. When 
a polybasic acid like sebacic acid is reacted with a 
polyamine like hexamethylene diamine, the product is a 
polyamide such as nylon. 

Alcohols react with formaldehyde and acetaldehyde to 
form formals and acetals. When polyvinyl alcohol is re- 
acted with formaldehyde (in the form of its polymer 
paraformaldehyde) the reaction product is polyvinyl 
formal, one of the ingredients of the Formvar magnet 
wire enamels. These materials decompose in the presence 
of acids and revert to their original alcohol and aldehyde. 

In general, the compounds discussed so far belong to 
the aliphatic or “straight-chain” series. The important 
group of organic chemicals known as the aromatics are 
distinguished from other organics by having as part of 
their structure the “benzene ring,” a closed, unsaturated 
ring formed by six carbon atoms. Benzene is said to 
resonate between two possible configurations: 


“ 
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MATERIAL CLASSIFICATION 





Hydrogen Inorganic gas 


Air Inorganic gas 


Sulfur Inorganic gas 
hexafluoride 


Freon-13 Organic gas 





Mineral oil Organic liquid 


Pentachlorodi- 
phenyl 


Organic liquid 


Silicone oil Metal organic liquid 





Organic cross-linked 
polymer 


Alkyd varnish 


Formvar Organic cross-linked 
enamel polymer 


VARNISHES 





Polyethylene Organic linear polymer 


Polyvinyl- 
choride 


Organic linear polymer 


PLASTICS 


Silicone varnish Organic cross-linked 


polymer 


Teflon Organic linear polymer 





Inorganic oxide 


Inorganic natural 
oxide 


INORGANIC 














This is the meaning of the conventional symbol for the 
aromatic ring 


Benzene, diphenyl, naphthalene and anthracene are 
the four basic aromatic compounds. Derivatives of each 
are well-known materials such as styrene, monochloro- 
benzene, pentacholorodiphenyl, chlorinated naphthalene 
and anthraquinone. 

Benzene reacts with the halogens (chlorine and bro- 
mine) to form the corresponding halogen-substituted 
derivatives, monochlerobenzene and monobromoben- 
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Typical Commercial Dielectric Materials Identified by Salient Characteristics 


and the Effect of Physico-Chemical Factors 


7 


ADVANTAGEOUS 
CHARACTERISTIC 


FACTOR* 





Low frictional coefficient 


Good electric strength Density 
High electric strength 


Condenses to a liquid for 
refrigeration purposes 


Low molecular weight 


High electronegativity 


Molecular association 


Combustible Oxidizes 


Corona discharge produces Photolysist 


ozone 


Corona discharge produces Photolysis 


fluorides 


Chemically reactive C-Cl bonds 





Low dielectric constant 
of zero 


High dielectric constant 


Thermal stability C-Si bonds 


Permanent electric moment 


High dipole moment 


Combustible C-H bonds 


Low corona resistance C-Cl bonds 


Combustible C-H bonds 





Flexibility Unoriented chains 


High tenacity to copper 


Polarity of phenolic groups 


Limited thermal stability 


Limited thermal stability 





Low dielectric constant 
moment 


Thermal stability C-Cl bonds 


Thermal stability C-Si bonds 


Thermal stability C-F bonds 


Zero permanent electric 


Combustible C-H bonds 


Low arc resistance C-Cl bonds 
Combustible C-H bonds 


Low corona resistance C-F bonds 





High thermal stability Calcium silicate 


Thin dielectric film Crystal habit 








Presence of boron and 
sodium atoms 


Electrically lossy 


Expands on being heated Hydrous silicate 


structure 











*Note: C=Carbon H=Hydrogen Cl=Chlorine Si=Silicon F=Fivorine 


tSee glossary at end of article. 





zene. The more highly halogenated compounds are all 
prepared by the substitution reaction of two, three, four, 
five and six moles of chlorine. A typical reaction is 
shown: 


Cl Cl 


ps C 
po ee Cl bs 1-trichlorobenzene) 

lrichlorobenzene has been used successfully as an 
ingredient of transformer Pyranol. Chlorination of di- 
phenyl by an analogous process results in the formation 
of the liauid dielectric materials known as the Aroclors. 

In general, both naphthalene and anthracene may be 
chlorinated a way similar to the processes described 
for preparing substituted benzenes. Chlorinated naphtha- 
lene has been used successfully in capacitors for thirty 
years, 

Significant differences among the basic substances 
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arise when they are oxidized. Benzene on being oxidized 
is converted into maleic acid, an important ingredient 
in many polyester formulations. Naphthalene, on the 
other hand, when oxidized through the action of fuming 
sulfuric acid, is converted into phthalic acid, an ingredi- 
ent of the earliest alkyds. 

Owing to the extensive use of the hydroxy benzenes 
such as phenol, cresol and resorcinol in electrical equip- 
ment, their chemistry will be discussed next. 

Perhaps the best-known reaction of phenol is with 
formaldehyde. Unfortunately this reaction is not well 
understood because of the extreme complexity of the 
products obtained. It is known that phenol reacts at first 
to form methylal phenol according to the scheme: 

C.H,OH + HCHO C.H,OCH:OH 

Heat tends to cause condensation between groups to 
yield: 

. CsH,OCH,OC,H, 

The cresols used so successfully in magnet wire var- 
nishes have reactivities similar to phenol. They differ 
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chemically in that there are methyl groups in the mole- 
cules: for examp'e. para-cresol has the formula: 


CH 
HO 


Polyhydroxy aryl compounds are used in the prepara- 
tion of thermosetting resins. They are also used as 
intermediates in the preparation of certain stabilizers 
for liquid dielectrics. 

Resorcinol reacts with formaldehyde to yield cross- 
linked polymers of high mechanical strength. The poly- 
carboxylic aryl compounds of phthalic and terephthali: 
are used in certain polyester and alkyd resins, as well as 
in Dacron polyester fiber and Mylar polyester film. 

Aromatic acids can also react with amines to yield 
aromatic amides. When the acid is a polycarboxylic one 
such as phthalic acid, and the amine a polyamine like 
bisphenylamine. the reaction product is a polyamide. 

Obviously, in this section of the discussion we can do 
no more than describe a few of the hundreds of chemical 
compounds that enter into or that. in themselves, con- 
stitute the huge body of electrical insulating and dielec- 
tric materials used in equipment design. But sufficient 
information has been presented to justify this funda- 
mental conclusion: 

Electrical insulating 
chanically constructed or fabricated products. They are 


materials are not simple me- 
atomic substances of varying molecular complexity. They 
may occur in nature, may be molecularly engineered to 
fit predetermined property parameters, or may represent 
combinations of both origins. The nature of the atomic 
elements and molecular configurations and their chem- 
ical reactions determine the ultimate property character- 
istics to which the design engineer entrusts the reliable 
performance of his equipment. 

This fundamental consideration is interpreted in de- 
sign terms in Tables I and It. The first table associates 
the characteristics of some well-known classes of dielec- 
tric materials with the chemistry and physics of the 
materials. The second shows how the electrical and 
mechanical properties of materials (such as dielectric 
constant and thermal stability) are the functions of cer- 
tain chemical and physical mechanisms. 


Gases 
Gases possess the property of filling completely any 
available space to a uniform density. There are six char- 
acteristics of the gaseous state that have significance for 
the designer of electrical equipment: 
1. The 


real gases: 


pressure-volume-temperature relationships 


The adsorption of gases on the surfaces of solids: 


) 
2 
oo. 


The electrical storage 


capacity of gases: 


polarizability and energy 


1. The thermal conductivity and diffusion rates of 
fases;: 
The equilibrium condition that arises when a gas 
decomposes into another: and 

6. The rates at which gases undergo chemieal change. 

These characteristics enter into the design of gas- 
cooled generators, transformers, refrigerators, high-volt- 
age cables, electron tubes and capacitors. 

The gaseous state of matter is that in which the mole- 
cules are practically unrestricted by cohesive forces. A 
perfect gas is one in which 6.02 « 10*° of its molecules 
occupy 22.4 liters of space at 0°C and one atmosphere 
(760 mm mercury) pressure. Furthermore, a perfect gas 
is one which occupies only 11.2 liters of space at two at- 
mospheres pressure and 0°C, It also has a temperature 
coeficient of volume equal to 1/273.1. This is summa- 
rized in the so-called “Perfect Gas Law” which may be 


represented as: 


where P is the pressure (in atmospheres), V the volume 
(in liters), N the number of molecules present, NV, Avo- 
gadro’s Constant ( 6.02 < 10**) 
(0.0825 l-atm/deg-mol) and JT, the absolute 


. R the universal gas 
constant 
temperature (degrees Kelvin). 

The theory of gases has been developed extensively 
in terms of what is called the kinetic theory. This theory 
suggests that (1) gases may be considered to consist 
of individual particles of matter: (2) each molecule 
possesses so much energy that it is in constant motion: 
and (3) owing to its state of agitation. each molecule 
spends the greatest period of its existence unattached 
in space. All the molecules of a given gas have the same 
size and mass. At low pressures they occupy only a 
negligible amount of the total volume of their container. 
They are so far apart that no attraction arises between 
neighboring molecules. 

Each molecule has a mass m and a root-mean-square 
velocity v. The momentum of such a molecule is there- 
fore mv. The pressure that the gas exerts is considered to 
arise from the impact of the molecules on the walls of 
a cubical container. Each time the molecule hits the wal! 
its momentum is changed and consequently the change in 
momentum per collision is 2 mv. The number of collisions 
any particle makes on one wall in a second is v/2l/, where 
l is the distance between opposite cube walls: the time 
between consecutive collisions on the same wall is the 
reciprocal of the number. or 2//v. The time rate of 
change of momentum (2 mv/2l/v or mv2/l) is equal to 
the force exerted on one side of the cube by one molecule. 
The pressure, therefore, is the force per unit area exerted 
by one-third of the molecules in the container; it is equal 
to nmv*/3 Ll. This may be expressed as: 

pP nmv?/3V or PJ nmr? /3 


since } l’ where V is the volume of the’ cube. 

This fundamental equation of the kinetic theory states 
that the product of the pressure and the volume of a 
gas is directly proportional to the number of molecules 
present to their mass and to the square of their rms 
velocity. From this it follows that the rms velocity of 
a gas molecule at constant pressure and temperature is 
inversely proportional to the density, d: 

/ 3P\ /3P 


\ nm \ d 
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Applied, for example. to a generator design, we would 
find that the molecules in, say, a hydrogen-cooled gene- 
rator have a much greater velocity than do those in one 
cooled by air maintained at the same pressure. Again, 
for two different gases. the rms velocities are inversely 
proportional to their molecular weights, M: 


d V 


Va  V™ 

Thus hydrogen has a rms velocity 8.5 times greater than 
sulfur hexafluoride (SF,). 

Finally, if two different gases (each at the same tem- 

perature and pressure) pass through a small aperture. 

the times ¢, and ¢, for each gas to pass through are in- 


versely proportional to v: 


{ ? V/ 


/ ? NW 


Thus. if it takes 60 min for a liter of O. to pass through 
a small hole in a transformer, it will take SF, 131 min to 


leak out. 


Real Gases 


Actually very few gases fulfill the requirements for a 
“perfect gas” because they condense to liquids or solids 
at very low temperatures or at very high pressures, 

Gases have been divided into three broad categories 
because their uses depend significantly on their chem- 
istry. the organic materials being severely limited by 
their tendency to react or decompose at elevated tem- 
peratures. In general. it appears that the higher the molec- 
ular weight. the higher the temperature of liquefaction. 


The divergences from the simple theory arise from 


mutual attraction of neighboring molecules and conse- 
quently vary inversely as the square of the distance 
between them. Again, when the pressures become very 
great and the volume of gas quite small, the molecules 
themselves occupy a considerable fraction of the space: 
the compressible volume is therefore not the volume of 
the container. 

To take care of these effects in real gases rather than 
perfect gases, van der Waal has suggested the following 


(p { 7 ya b) = nRT 


his is called the equation of state, and the factors a and 
b the first and second virial coefficients, respectively. 

At very low pressures, the degree of association of 
O: b is low 


relationship: 


the molecules is low and therefore a/V? 
in comparison with V at low pressures also. Under such 
conditions the equation reduces to the more conventional 
statements that the volume of a given mass of gas is in- 
versely proportional to the pressure if the temperature 
remains constant (Boyle’s Law) and directly propor- 
tional to the absolute temperature if the pressure remains 
constant (Charles’ Law: Guy-Lussac’s Law). 


Adsorption 

Thus far we have assumed that a gas has no tendency 
to condense or attach itself to the surface of the con- 
tainer. Actually there is such a tendency, dependent on 
the temperature and pressure, the chemistry of the ad- 
sorbing as well as the adsorbed material, and upon the 
amount of surface area. In general an increase in pressure 
or a decrease in temperature increases the amount of gas 
adsorbed by a given surface. This phenomenon of a gas 
concentrating at the surface of a solid is not to be con- 


The Dielectric Phenomenon asa Design Tool 
in Automatic Detection and Control Devices 


he three components that enter into the total field of 
dielectric application are: (a) power, (b) electronics, 
and (c) automatic detection and control. The first two 
call essentially for materials whose prime function is to 
sustain high voltage or to pass high-frequency currents 
without loss, respectively; in both cases within the 
stresses imposed by operating environments. The third 
category, automatic detection and control, has become 
the most dominant contemporary force in the research 
and development of dielectrics. This area of application 
encompasses the design of equipment capable of (a) re- 
cognizing a select phenomenon or condition, (b) compar- 
ing it with observations previously stored in a memory. 
and (c) executing a series of pre-stored commands. 
There are, of course, a number of ways of solving 
these problems without having recourse to dielectrics. 
For example, light pulses can be monitored by photo- 
multiplier tubes, the number compared with one in a 
magnetic memory, and the command executed through a 
conventional servomechanism. Dielectrics enter into a 
design when a phenomenon associated with the polariza- 
tion of insulators can be used in one of the three stages. 


Effects which are being given serious study include 
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those associated with the Kerr electro-optical effect, 
ferroelectricity and electrostriction. 

In the case of the detection device it is obvious that 
the phenomenon to be detected must be a necessary and 
sufficient condition for developing a signal. Thus, a die- 
lectric phenomenon can be used as a sensing device to 
exploit unique changes caused by ambients. 

The search instrument presents the information to 
that segment of the automatic detection and control in- 
strument called the memory. The basic requirement of 
any memory is that it consist of a substance which under- 
goes a nonlinear change when subjected to a change in 
ambient. 

Switching of a barium titanate crystal from one state 
of polarization to another by the action of an electric 
field is an example of how dielectrics may play a role in 
automatic detection and control. 

The ultimate problem associated with automatic detec- 
tion and control involves the execution of a command. 
The physical movement of charged particles, as in xero- 
graphy, or physical elongation through the action of an 
electric field are examples of dielectrics phenomena in 
the solution of this problem. 
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fused with absorption, the phenomenon of impregnating 
or penetrating the solid. The ratio of the grams of ma- 
terial adsorbed, G,. to the grams of absorbing material, 
G,, is proportional to a power function of the pressure. 
This may be represented as: 
G 
Gy 


kP" 


and the plot of the function is referred to as an adsorp- 
tion isotherm. Adsorption effect on solids is extremely 
significant in transistor design. 

From the study of the adsorption of gases by filaments 
used in incandescent lamps and electron tubes, it has 
been found that the adsorption isotherm of a material is 
frequently more accurately fitted to an equation of the 
following form: 


aP 
bP 


P 
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By plotting P/y vs P, a straight line is obtained in 


which the intercept has the value of ]/a and the slope 
the value of b/a. These two constants serve to charac- 


terize the system at a given temperature. 


Thermodynamic Properties 
of Gases 


When the temperature of a gas is raised. but the vol- 
ume is kept constant, all the heat that goes into the gas 
is used to raise the pressure. This rise is associated with 
the increase in kinetic energy or translational motion of 
the molecules that follows from the basic equation de- 
veloped previously in discussing the kinetic theory of 


P\ = moe 5 & mo ) -K k 


where KE is the kinetic energy of the system. 
Since P} RT when 1 mole of gas is employed and 
R, the universal gas constant, has the value of approxi- 


gases: 


mately 2 calories—l/deg mole (this is the equivalent 


of 0.0825 l-atm/deg mole) then: 


KE—2P} 


> 
o 
9° 


The kinetic energy of the gas at any time is therefore 
three times its absolute temperature. Consequently, to 
increase the temperature of a mole of gas by 1 deg 
while maintaining its volume constant requires 3 calories 
of heat. This value has been confirmed experimentally 
and is known as the heat capacity of a gas at constant 
volume, C,. 

If the gas were permitted to expand as it was being 
heated, some of the energy would be absorbed to raise 


80 


its temperature and some to do work in expanding against 
the atmosphere. Since the work done, w, is equal to the 
increase in volume of the gas times the pressure (PV 
Fd), then, for one mole of gas: 

i Pal RT = 2 T 
and the amount of work done for each degree rise in 
temperature is approximately 2 calories. 

The total energy, C,, required then to raise the tem- 
perature of a gas | deg and at the same time permit it to 
expand so as to continue to possess a pressure of one 
atmosphere is: 

C W + ¢ PAV + ¢ 5 calories 
C, is known as the heat capacity of the gas at constant 
pressure. 

The heat capacity of a gas at constant volume, C,, con- 
sists of energy which went totally to raise the tempera- 
ture of the gas and simultaneously to increase its kinetic 
energy. Such energy is said to be internal energy, E, as 
distinguished from external energy, PV. The heat capa- 
city of the gas at constant volume may then be expressed 
as: 

a (6 £/5T) 
while that of the heat capacity at constant pressure may 


be represented as: 


The total energy comprising internal E and external PJ 
is called the enthalpy of the system, H. Consequently: 
C, (6H /5T) ; 

While the concept of enthalpy H was constructed from 
the ideas of internal energy E and external energy PV, 
it is possible to conceive the composition of enthalpy as 
being part isothermally available energy and part iso- 
unavailable Isothermally available 


thermally energy. 


energy is called free energy, F, and is the kind available 
from a gas under pressure, from electricity or from a 
chemical. Isothermally unavailable energy is that energy 
which can be made useful only by a change in tempera- 
ture: it is therefore directly proportional to temperature, 
and is written as 7'S, where S is the proportionality factor 
and is called entropy. Enthalpy H may therefore be con- 
sidered as: 
Hl " rs 
and consequently: 
E+ Pt k 

Finally, the internal energy of a system, E, 

resolved into two components, one of which is the iso- 


may be 


thermally unavailable energy, 7S, and the other the iso- 
thermally available internal energy, 4. Whence 

I { rs 
and 

k PV +A4 
from which it is seen that the free energy is the sum of 
the isothermally available external energy and the iso- 
thermally available internal energy. 

The concepts of free energy and entropy play a signi- 
ficant role in design. Thus, if one knows that the free 
energy of the reactants in a desired reaction is less than 
the free energy of the products, the reaction cannot occur 
spontaneously. Similarly, if one knows that the entropy 
of the reagents in a proposed reaction is greater than 
the entropy of the products, the reaction is not possible 
spontaneously. Tables have been laboriously constructed 
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Table [I-=- the Application Properties of a Dielectric Material 


Electric strength Molecular weight, density, electronegativity, crystallinity 


Dielectric constant Dipole moment, molecular size, molecular association, density, index of refraction 


Dielectric losses Dipole moment, ionic constitution, molecular weight, viscosity, relaxation time 


Conductivity Ionic mobility, particle size, atomic constitution, viscosity 


Corona resistance Chemical constitution: (a) aromatics < cyclic < aliphatics; 


(b) halides < hydrocarbons < alcohols < ketones < esters < amines < amides 


Adsorption Polarizability 


Condensing temperature 
Condensing pressure 
Liquids: 
Cooling capacity 
Wetting 
Viscosity 
Vapor pressure 
Boiling point 
Solids: 
Mechanical integrity 
Tensile strength 
Modulus of elasticity 
Hardness 


Mciecular association 
Molecular association 


Heat capacity, fluidity 

Surface tension 

Molecular association 

Heat of vaporization, boiling point 
Molecular association 


Atomic bonds 

Crystal habit, atomic bonds 
Crystal cleavage 

Atomic constitution 


Melting point Chemical bonds 


General: 
Heat Chemical bond 
Solvents Polarizability, molecular weight 
Resistance Radiation High excitation energy, atomic bonds 
to Moisture Atomic constitution, C-H bonds 
Flame Non-oxidizable bonds; for example, halides 
Metals Chemical bonds 








of the free energies and entropies of compounds and 
substances and are frequently used to establish the 
validity of a suggested mechanism of decomposition 
when it is difficult to analyse the products. 


Thus an electronic electric moment, ye, has been induced 
equal to the electron charge e times the displacement dis- 
tance d,. In polyatomic molecules the distance between 
nuclei changes because of field induction and conse- 
quently an atomic electric moment p, is induced. 

Finally, some gas molecules are permanently distorted 
electrically and have associated with them permanent 
electric moments. (See Fig. 2 for schematic representa- 
tion of the phenomena discussed. ) 

The determination of the magnitude of the three elec- 
tric moments of molecules from dielectric constant 
measurements has been a subject of debate for over a 
century. This relationship is used frequently: 

An Nu > 
9kT 


Dielectric Properties 
of Gases 


The dielectric constant of a gas arises from three 
factors: (1) electronic polarization, (2) atomic polari- 
zation, and (3) the permanent electric moment of certain 
molecules. Electronic polarization arises when an ele- 
mentary gas molecule is placed in an electric field. 
Normally, outside the field, gas molecule electrons would  — 
orbit in such a way that the center of the negative charge e+ 


d 4r 
(MV)= 3 N (ue + wa) 


] 


would be exactly where the nucleus was located. These 
electrons are attracted to the positive plate of a capacitor, 
while the nucleus is attracted to the negative plate. The 
orbiting electrons now have as their center of charge 
a position some distance, d,, away from the nucleus. 
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Here “p is the permanent electric moment; & the Boltz- 
mann constant or the heat capacity of a molecule; T the 
absolute temperature; ¢«’ the measured dielectric con- 
stant; N, Avogadro’s number: and MV is the molar 
volume. 
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The equation can be seen to be one of the form 
\ a+ b/T 


where 


uv) 


ir Nut 
Ok 
If we 


volume of the gas at different temperatures and plot X vs 


determine the dielectric constant and molar 


1/T, a straight line with a slope equal to 4¢Nu;, /9 k 
will be obtained. The intercept, a, will be equal to *~ N (x, 

pia). When the slope of the line is zero, the gas mole- 
cule possesses no permanent electric moment. 


Chemical Equilibria 


The law of mass action states that the rate of a chem- 
ical reaction is proportional to the active masses of the 
reacting substances present at that time. By active mass 
is meant the molecular concentration of the reacting 
substances. The amount of chemical action is not pro- 
portional to the actual quantities of the substances pres- 
ent, but rather to the amounts present in a unit volume. 
This law is important to dielectric specialists because so 
many reactions with which they deal are actually re- 
versible ones. For example, polyvinyl formal is made by 
reacting polyvinyl alcoho! with formaldehyde, but poly- 
vinyl formal will reverse itself and decompose into poly- 
vinyl alcohol and formaldehyde. Such reactions are 
usually represented as: 

aA + bB + gG +hH 
The rate v at which A, B,... 
mass action as 


react is given by the law of 


? : kf a¢ > ' 
and the rate of the reverse reaction v,, is given by 
a8" kf 6CH 
represents molecular concentration. 
At equilibrium the rate of the forward reaction is equal 
to the rate of the reverse reaction: 


where ( 


Cat : r 


and consequently 


Ke is called the equilibrium constant. In dealing with 
gases, it is convenient to substitute the partial pressure 
of the gas P for the concentration figure since they are 
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directly proportional. Consequently, the equilibrium con- 
stant for a gaseous system is: 


Po Py--- 
A; 


PS Pp- 

The fact that a reaction can be reversible suggests that 
isothermally available energy is associated with both 
reactions, and that in some way the free energy of the 
Actually 
this is true. and the two are simply related as shown: 

AF RT ln hk; 
Thus. if the free energies of both sets of reactants are 


system is related to the equilibrium constant. 


known, the equilibrium constant and consequently the 
final composition of the mass can be estimated. 


i re - 
Chemical Kinetics 
The velocity with which chemical reactions occur has 
A well- 
known example is the rate of degradation of electrical 
of chemical kinetics 


a significant bearing on materials performance. 


insulants. Important to the study 
are the intermediate steps by which the reactants are 


ultimate!y converted into products. From studies of 
chemical velocities. the mechanisms of transformation 
can frequently be suggested. 

Chemical reactions are classified on the basis of the 
number of molecules which enter into a single step of 
transformation. Thus, when molecular chlorine decom- 
poses into chlorine atoms according to the scheme: 

Cl — Cl + Cl 
the reaction is said to be unimolecular. 

The reaction of chlorine with hydrogen involves two 
different reagents and it is said to be bimolecular. It may 
be represented as: 

Cl +H — 2HCI 

Trimolecular reactions are not as common in chem- 
istry as the others because they involve the simultaneous 
collision of three molecules. The oxidation of nitrous 
oxide in such reactions may be represented as: 

2NO0 +0 — 2NO 

None of these classes suggests the velocity of the re- 
action under investigation. It seems reasonable. how- 
ever, to assume that a bimolecular reaction is slower than 
a unimolecular one and faster than a trimolecular re- 
action. Some unimolecular reactions occur in 10™* sec, 
while bimoleculars require at least 10° sec, and tri- 
molecular at least 10° sec to react. 

The rate at which chemical reactions occur is usually 
dependent in some way on the concentration of the 
reacting substances. When the rate is directly propor- 
tional! to the concentration at any time, then the rate of 
decrease in concentration, —dc/dt, may be related thus: 


de 
dl 


k¢ 


where k is called the rate constant. 
From this it follows that 


In“ — k(t — t) 
( 

and by plotting log C vs t, a straight line is obtained 
whose slope is —k/2.303. 

The “half-life” (the time necessary for half of a given 

quantity of material to react) is 
0.639 

k 
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Reactions between acids and bases, or a!cohols and 
acids, are frequently encountered in dielectrics. In these 
instances the rate of the reaction frequently depends on 
the concentration of both reactants. 

If a certain reaction proceeds in such a way that the 


concentration of reagent decreases linearly with time. 


the reaction is said to be a zero order reaction. The 
irradiation of styrene with gamma rays proceeds in this 
way. 

of the re- 
actions met in practice are not as simple as may be im- 


The reader should be cautioned that most 


plied here. Actually, most are step-wise reactions. 


The 10-Degree Law 


Usually the rate of a chemical reaction is increased 
if the temperature is raised. In fact, the rate at which 
10- 
deg rise in temperature. There are a number of limita- 
tions 


many chemica! reactions occur is doubled for each 


involved in this statement which may have sig- 


First, in 
establishing the so-called 10-deg law. chemists were deal- 


nificance to the equipment design engineer. 
ing with liquids and gases where homogeneous interac- 
tion of reactants was possible throughout the course of 
the experiment. Whether such a law holds for the inter- 
of 
Secondly, the 


known to be a narrow temperature range. 


action gases and solids somewhat dubious. 


seems 


law was established within what is now 
Many organic 
reagents may be found to decompose rapidly at, say, 400 
C: but this fact should not be taken as substantiating 
the 10-deg law, for the products that might form at 100 C 
certainly 100 C. 

Within such limits, then, it has been found that the 


is related to the temperature of the 


are not those that form at 


rate constant, k, 
reacting masses thus: 
( 
7 


This says that the higher the temperature, the lower the 


log k 


rate constant (reciprocal time, seconds ~'). 

By plotting log k vs'1/T, a straight line is obtained 
the slope of which is C,. It has been suggested that this 
of 


constant is in 
activation. AH, thus: 


some way associated with the energy 


AH 
2.303 (R) 
where R is 1.987 cal atm/deg. 
The energy of activation is the energy constant which 


arises from concepts of chemical equilibrium previously 


developed. 




















Fig. 3—Schematic representation of theory of association 
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Fig. 2—Three types of dielectric polarization. 


Liquids 


A liquid is a material in such a state that, although it 
has a discrete volume, its shape is dependent on the shape 
of its container. It may be thought of as a condensed gas 
in which the molecules are very close together. On the 
other hand. it may be considered as a disorganized solid 
in which the individua! molecules are so energetic that 
they will not stay at definite lattice points. These two 
views lead to two different approaches for developing 
the laws of liquids from the properties of their constitu- 
ents. In the former case. the laws relating to gases are 
modified and virial coeflicients emphasized: in the case 
of the disordered-solid concept. the liquid state is con- 


be 


comitant high entropy. 


sidered to one of enormous randomness and con- 






































of molecules. 
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At this time, the liquid state does not have a theory 
associated with it as do gaseous and solid states. For this 
reason it is defined descriptively, that is, in terms of 
empirically derived laws. 

Liquid dielectrics have been used 
capacitor dielectrics, transformer coolants and cable im- 
pregnants, in a range of key properties such as dielectric 
constant, thermal stability and resistance to radiation. 
(See Table III.) 


successfully as 


Molar Volume 


The molar volume of a liquid is the volume occupied 
by 6.02 10° molecules. It is therefore directly meas- 
urable. It is numerically equal to the molecular weight 
divided by the density. This factor is important in 
theoretical dielectrics because it appears in the Debye 
equation involving molar polarization. 

The molar volume of a liquid of known chemical com- 
position can frequently be calculated from certain molar 
volume increments attributable to the constituent atoms. 
The factors have been derived empirically and are listed 
in Table IV. 

A considerable discrepancy has been found in certain 
highly polar compounds between the values obtained by 
the simple addition of the atomic increment volumes and 
the experimental values. It has been suggested that the 
discrepancy arises because such effects as surface ten- 
sion enter. A corrected molar volume, known as the 
“narachor” has been considered. It is defined as: 

Vl 
P 
D-—d 
where P is corrected molar volume of the substance, M 
its molecular weight, D its density in the liquid state, 
d its density in the gaseous state, and y its surface ten- 
sion. 

The parachor values can also be used to indicate 
additive characteristics. Chemists frequently use this 
relationship when they synthesize a new materia! in order 
to check on its structure. 


Molecular Association 


It was pointed out previously that one may consider a 
liquid a condensed gas and consequently that it may be 
described by an “equation of state” in which the forces 
of attraction are very great and where the volume of the 
molecules is practically equal to the volume of the 
material. 

The basic assumption in the development of this rela- 
tionship is that we are dealing with spherical molecules. 
However, another assumption is possible: the molecules 
are elongated, and the charge distribution is not uniform. 
We may then consider that various volumes are occupied 
by the same molecules in an arrangement dependent on 
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the degree and on the type of association (see Fig. 3). 


Polar molecules (previously discussed) are usually 


those that show marked degrees of “association.” 


Surface Tension 


When a soap bubble is blown, a certain amount of 
work is expended; this energy goes into stretching the 
watery film, which has a tensile strength of about 70 
ergs/sq cm. When the strength of this film is exceeded 
by the pressure inside the film, the bubble bursts. The 
very thin film of water may be considered to be in ten- 
sion and to be maintaining its integrity through the 
attractive forces between neighboring molecules. It fol- 
lows that if such forces were very strong, all liquids 
would be in the shape of spheres. 

The effect of impurities on surface tension is extremely 
important, and has a bearing on degradation of materials. 
4 material will concentrate at the surface if by doing 
so the surface tension will be reduced; conversely, an 
impurity will move inward from the surface if its pres- 
ence at the outermost part would have increased the 


surface tension. 


Atomic Refractivities 


When light passes through space it travels at the rate 
of 3 & 10°° cm/sec. When, however, it travels through a 
denser medium, the rate is lowered. The ratio of the 
velocity in free space, vo, to that in the liquid, v, is 
known as its index of refraction. 

n Vo/Vv 

When light passes from one medium to another it is 
refracted and the angle made is related directly to the 
atomic constitution and the molecular structure of the 
liquid. A series of atomic refractivities have been de- 
veloped based on equations derived from the internal 
field theory. These values are used in fundamental studies 
of dielectric and other materials. 


Viscosity 


A liquid at this point may be considered to be a sub- 


stance in such a state that it undergoes continuous de- 
formation when subjected to shearing stress. A simple 
liquid is one in which the rate of shear is proportional 
to the shearing stress. The constant ratio of shearing 
stress to rate of shear of a simple liquid is the viscosity 
of the liquid. 

The viscosity of a material is then the resistance 
offered to the flow of a liquid; the accepted concept is 
that the resistance arises from the layers of the material 
flowing over one another. This concept permits the deriva- 
tion of the conventional coefficient of viscosity, 7, a value 
which is independent of the experimental conditions. 

Consider a force, F, required to maintain a constant 
difference between the velocities of two parallel layers 
moving in the same direction. The force required will 
be greater if the areas are greater; but it will be less 
as the distance between the layers increases. In simple 
liquids, the constant » is a number expressed as dynes- 
sec/cm*, and known as the poise. 

Rather than measure the force required to shear a 
liquid, the viscosity coefficient can be determined abso- 
lutely by observing the flow of a liquid through a capil- 
lary. Consider that a volume V of liquid flows through a 


ELECTRICAL MANUFACTURING 








Mineral oil 





Silicone oil 





Bis (1H, 1H, 7H-dodecafluoro- 
heptyl) 3-methylglutarate 

Bis (1H, 1H, 5H-octafluoro- 
pentyl) 3-methylglutarate 





Castor oil 





Pentachlorodiphenyl 





Dichloro-1,1,3- 
trimethy]-1-phenylidan 





Heptacosa 
fluorotributylamine 





Trichlorobenzene 





Fluoroethlykcyclohexy1 
ether 


























capillary | em long and having a radius r in ¢ seconds. 
A driving pressure will be required. But if the liquid 
is forced through by gravity then the pressure is equal 
to the mass/cm? of the liquid times the acceleration due 
to gravity (g). The mass/cm* is numerically equal to 
the product of the height (h) of the liquid and its 
density (d). 


rrhdqt 
BV! 


Based on accurate determinations the absolute coefficient 
of viscosity of water has been determined. Since 


the viscosity of other liquids can be determined by com- 
parison. 


Vapor Pressure of Liquids 


In the design of liquid-cooled equipment it may be 
essential to know the vapor pressure of a liquid dielec- 
tric or coolant at some operating temperature below its 
boiling point. This can be done if the boiling point of 
the liquid and its molar heat of vaporization are known. 
A convenient form of the Clausius-Clapeyron equation 
is used: 

P LAT T)) 
log 
P, 2.303 RT, T: 
where P, is the vapor pressure at the boiling point of 
the liquid, P, the vapor pressure at the operating tem- 
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perature, L, the molar heat vaporization in calories /mole, 
T, and 7, are the respective operating temperatures. 


Dielectric Properties 
of Liquids 


The dielectric constant, power factor, dielectric loss 
factor, dielectric conductivity and dielectric strength of 
liquids are important properties to the designer of elec- 
trical equipment. Each characteristic is intimately related 
to the attributes of the constituent molecules, 

In general, the electrical properties of liquids differ 
from those of gases in the same way that other properties 
differ. These differences are attributed to the interac- 
tions of neighboring molecules; the concepts established 
previously have been adapted to their explanation. 

The changes in the dielectric constants of transformer 
oil with temperature and with frequency will illustrate 
the interpretation. The dielectric constant of transformer 
oil decreases slightly with increases in frequency and 
with temperatures. In passing from 60 cps to 10° eps, 
the dielectric constant falls from 2.231 to 2.230 at room 
temperature. At 60 cps the dielectric constant falls from 
2.231 to 2.227 on being heated from 25 C to 100 C. The 
with increasing 
frequency might be due to the presence of impurity ions 
which, because of their mass, are unable to oscillate 
with the field at high frequencies. The decrease in dielec- 
tric constant at high frequencies with rising tempera- 
tures may be understood in terms of the simultaneous 
decrease in density. Since there are fewer molecules per 
cubic centimeter at 100 C than at 25 C, there is less 
energy stored. At lower temperatures, the dielectric con- 


slight decrease in dielectric constant 
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stant and density increase uniformly down to the pout 
point of the oil. 

A polar liquid molecule. when placed in an electric 
field, will attempt to align itself paralle! to the field. 
When placed in an electric field of sufficiently low fre- 
quency, the molecule will oscillate in phase with the field 
and will produce an alternating current in phase with 
the electron displacement current. The total current will 
then be the sum of these two currents. thus giving an 
explanation of the higher dielectric constant of polar 
substances. If. however, the frequency is increased, the 
molecules cannot align themselves parallel to the field 
before the field is reversed. This higher frequen vy will 
then cause a component of current that is not 90 deg 
out of phase with the applied voltage. When the fre- 
quency is increased still further. the molecules can no 
longer follow the field. The time the molecule has to 
follow the field will vary inversely with the frequency. 
and the rate of molecular motion will be inversely pro- 
portional to the viscosity of the substance and the mole- 
cular size. 

If a polar liquid is placed in a constant field. the 
time required for the dipole current to disappeat when 
the field is removed will be proportional to the viscosity. 
n, and to the size of the molecule. V. This interval will 
depend on the thermal agitation of the molecule. The 
time taken to reach the value of the steady-state orien- 
tation is defined as the relaxation time. +. and it follows 
that 

7 nV/T 
where 7 is the absolute temperature. 

High die!ectric constant and low loss in a pure dielec- 
tric can be expected when the period is large (low fre- 
quency) compared to the relaxation time: low dielectric 
constant and low loss are expected when the period is 
small (high frequency) compared to the relaxation 
time. The highest losses should occur when the period 
of the field is of the same order as the relaxation time. 
At this period the lag of the molecule is greatest. and 
therefore the component of the total current in phase 
with the field will have its maximum value. 

The dipole moments of dielectrics are affected appre- 
ciably by the substitution of different atomic constitu- 
ents or groups. It is possible to attribute to an atom or 
group a definite value of dipole moment. but since this 
moment is a vector quantity it is essential that the mag- 
nitude as well as the direction of the electric moment 
be considered. 

The basis of the vector directions of atoms and groups 
was arrived at by the following considerations. Mono- 
chlorobenzene, C,H,;Cl, has a permanent electric moment 
of 1.6 D and p-dichlorobenzene, p-C,H,Cl., has a value 
of 0 D. This suggests that the groups. when placed at op- 
posite ends of a benzene molecule, have vectors that point 
in opposite directions. Aniline, C;H;NH.. has a moment 
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of 2.8 D while p-chloroaniline. CIC,H,NH., has a value 
of 4.4 D: this may be considered to arise from the vee- 
tor sum of Cl and NH.,,. Nitrobenzene has a value of 4.8 D 
but p-chloronitrobenzene, C!C,H,NO.. has a value of 


only 3.0 D. From this it would appear that the nitro 


NO, opposite to that of the amine 


group has a vector 


group. NH.. and similar to that of the chlorine group, 


sail 
CL. The groups in their order of increasing electro- 
negativity are: 


NH NH, H. COOH, Cl, NO CN 


This explains why materials containing a large numbe 
of different atoms and groups can frequently have a low 
dielectric constant and zero dipole moment. 

The dipole moments of liquids are difficult to deter- 
mine because the molecules tend to associate. Conse- 
quently, the measured dielectric constant of the liquid 
is not always proportional to the sum of the dipole 
moments of the individual molecules. It is customary 
to dissolve the liquid being evaluated in another liquid 
(such as benzene, carbon tetrachloride or cyclohexane ) 
which is known to have a permanent electric moment of 
zero. This permits the unknown (and perhaps associated ) 
liquid to be diluted to such an extent that it is unlikely 
that any two molecules are nearest neighbors. 

The polarizations at the various dilutions are deter- 
mined by the use of the following equation: 


é + ff 
f,P : : P 


are the mole fractions of solvent and 
and P, their molar polarizations, 


where f, and 
solute respectively. P 


V, and M 


dielectric constant and density of the solution, respec- 


their molecular weight. and ¢’ and p,. the 
tively. To determine the molar polarization of the sub- 
stance at infinite dilution, P... graphs are prepared using 
the calculated values of P., at various dilutions and the 
required linear extrapolation performed, The molar 
refraction. R, of the liquid is then determined by sub- 
stituting the experimentally determined index of refrac- 


tion. n. in the equation 


Finally. the dipole moment. pu. is calculated from the 
formula 


0.217 P Rx 10 


esu-cin 


Solids 


The study of solid dielectric materials, including mica 
and barium titanate, has become deeply involved with 
crystal structure. This science, originally a descriptive 
one consisting of cataloging minerals, has now become 
a study which relates the elementary constitution of the 
material to its properties and crystal habits. From it 
have come explanations of why mica cleaves into flakes 
and how ferroelectrics store energy. 

Solids are materials in a state in which they have both 
volume and shape. Solids are distinguished from one 
another on the basis of their chemistry as well as the 
degree and type of orderliness of constitutent atoms. 
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Thus, crystals of silica (SiO,) are distinguishable from 
those of, say, the piezoelectric Rochelle salt on the basis 
of differences in their chemical composition as well as 
their crystal habit. On the other hand, quartz. tridomite 
SiO.. but each differs 
from the other in its crystal habit. Furthermore, these 


and cristobalite are chemically 


three forms of silica differ from vitreous silica in that 
the atoms in the former are orderly while those in the 
latter are disorderly. Vitreous silica is therefore said to 
have a low degree of crystallinity. This concept has been 
carried over into the field of organic plastics where, for 
example, different kinds of polyethylene are distinguished 
onthe basis of the degree of crystallinity in the polymer. 

The equipment design engineer has successfully util- 
ized materials covering the spectrum of orderliness from 
quartz, mica and barium titanate through the ceramics 
to the glasses. plastics and waxes. From the viewpoint of 
orderliness or arrangement, there are three conventional 
ways of cataloging solids. These are by crystallography 
or macroscopic crystal habit, atomic structure and ther- 
modynamic properties. (See Fig. 4 for atomic structure 
of glass and the basic structure unit. the silica tetra- 
hedron. ) 


Crystallography 
Crystallography is the study of the geometry. struc- 
ture and properties of crystals. All crystals belong to one 
of the following six crystal systems: 
l. Cubic: 
at right angles. 


three axes of: length intersect each other 

2. Tetragonal: all three axes intersect at right angles 
but only two of the axes are equal in length. 

3. Hexagonal: this system requires four axes for its 

Three of equal 

length lie in a single plane and intersect at 60 deg 


characterization. these axes of 
angles. The fourth axis has a different length and 
is perpendicular to the plane of the other three. 

1. Rhombic: three axes of unequal length intersect at 
right angles. 

5. Monoclinic: three axes of unequal length. two of 


which intersect at right ang! 


es, 

6. Triclinic: three axes of unequal length. none of 
which intersect at right angles. 

to identify the 

faces of a crystal by relating the intercepts which a plane 

(parallel with the face) would make on the X, Y and Z 

axes of the crystal. For convenience, the reciprocals of 


It is customary in crystallography 


the numbers obtained are employed and are called the 
Miller indices. Consider the face of a cubic crystal 
which cuts the X-axis and is parallel to both Y and Z 
axes; it is called the 100-plane of the crystal. A plane 
which cuts the X and Y axes at equal distances, but 
is paralle! to the Z axis, is said to be the 110-plane of 
the crystal. Similarly, when a face plane cuts the X, Y 
and Z axes at equidistant points, the face is said to lie 
in the 111-plane. 

There are many subclasses of the six crystal systems. 
For example, there are three possible arrangements of 
atoms in the cubic system. The simple cubic lattice has 
a structural unit at each corner of the cube: in such 
a case the ratio of the distances between adjacent planes 
in the order djoo2d1402d44; is 

1:0.707 : 0.578 
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In the face-centered cubic lattice this ratio is 1:0.707: 
1.155: this lattice is one in which there is a unit at each 
corner of the cube, and one unit in the center of each 
face of the cube. 

Finally, the so-called body-centered cubic lattice is 
one in which there is a structural unit at each corner 
of the cube and one unit in the center of the cube. The 
ratio of the distances of the various planes in this is 
1:1.414:0.578. 

The study of the crystal structure of solids based on 
the analysis of patterns obtained by reflecting X-rays 
off crystal faces has been developed to a high degree. 
This concept permits considering the macroscopic prop- 
erties as arising from an orderly arrangement of atoms. 
Instead of considering crystals as condensed moleclues 
(for example. NaCl). they are thought to be an orderly 
arrangement of atoms without discrete molecular prop- 
erties. Thus. in a solid sodium chloride crystal in a single 
plane the structure is 

Cl Na Cl Na 
Na Cl Na Cl 
Cl Na Cl Na 

Since sodium chloride possesses a face-centered cubic 
structure, the other two planes are identical with this 
one. Each sodium atom is therefore surrounded by six 
chloride atoms and vice versa. No particular sodium 
atom is identified with a special chlorine atom and con- 
sequently the limitations of the molecular theory are not 


present. This concept has proven extremely useful in 


exp'aining how crystals can become colored by radiation 


without undergoing a substantial (that is. a chemical) 


structure unit, 
a tetrahedron 


Fig. 4—Atomie structures of glass and the silica tetrahedron. 


Fig. 5—Illustration of the cis-form of atomic structure. (A par- 
tially-fluorinated diester with a dielectric constant of 6 at room 
temperature and at 60 cps.) 
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change. An electron can by this theory become located 
in a vacancy (a lattice point where a chloride or sodium 
atom is missing through defective growth) and serve as 
a color center. Similarly, in more complex structures, 
it is possible to explain why atomic substitutions cause 
seeming anomalies in physical properties. For example. 
bentonite clay can be treated with potassium hydroxide 
and converted into a water-resistant material while the 
sodium derivative is readily affected by moisture. The 
atomic crystal theory suggests that because the potassium 
ion is larger in diameter than the sodium ion, it fills a 
crystal lattice volume more fully and does not permit 
entry of and attack by the water molecule. as does the 
sodium ion. 

The principle underlying X-ray crystallography is the 
so-called Bragg Law. which states that the maximum 
intensity of a reflected X-ray from a crystal will be de- 
pendent on the wavelength A of the ray, the lattice spac- 
ing d, and the angle of reflection 6, according to the 
equation: 

nd 2 dsin@ 


where n is a whole number called the order of reflection. 


Thus, if a sodium chloride crystal gives first-order re- 


( 
flection maxima at 5.9 deg, 8.4 deg and 5.2 deg for the 


a ee 


planes, then 


X 


/ _ 
‘ 2 (sin 5.9 deg) 


\ 


2 (sin 8.4 deg) 


2 (sin 5 
and consequently: 


Cue: Cit + 9 703 * 0.146 0.096 


From geometrical considerations of classical crystal- 
lography, these are the Miller indices of a face-centered 
cube. 

X-ray crystallography has become both a rapid and 
effective tool in the study of macroscopic single crystals 
of materials; it is particularly useful in the study of such 
chemically complex materials as the titanates and the 
ferrites, in which so much interest has developed. 


Geometrical Isomerization 


When two substances have the identical molecular 
formula and even the same structural formulas, but have 
different physical properties, they are said to be geo- 
metrical isomers. Fumaric acid and maleic acid are 
geometrical isomers and are distinguished according 
to the following: maleic acid is said to be the cis form 
of the dibasic acid and is written as 

CHCOOH 


CHCOOH 


while fumaric acid is said to be the trans form and is 
written as 
CH COOH 


HOOC CH 
(See Fig. 5 for structure of a fluorinated diester. ) 

The difference in these is very important in dielec- 
trics since the dipole moment of the cis form is of the 
order of 1.8 D and that of the trans form about 0 D. 
Under such conditions the dielectric constant of the 
fumaric acid and its derivatives might be expected to 
be low in comparison with that of maleic acid. Because 
most acids (including acetic acid) are normally in the 
cis form, that is: 

O H 


instead of 


CH CH H 
the dielectric constants of even the simple esters like 
ethyl acetate are between 3 and 5. The values for diesters 
are somewhat higher: for example. 6 at 60 cps for cer- 
tain substances. (4) 


Melting Points 


Not all crystalline bodies have the ionic crystal struc- 
ture which materials like sodium chloride possess. When 
benzene freezes, the molecules remain discrete C,H, par- 
ticles although they are arranged in an orderly fashion. 
The melting points of such materials do not follow an 
order'y pattern. For example, as the molecular weights 
of the straight-chain organic acids are increased, the 
melting points move variously up or down. 

Neither does a regular pattern appear for the melting 
points of the high-molecular-weight acids. Their boiling 
points, on the other hand, do follow a linear rise with 
an increase in the number of carbon atoms. It appears 
that the forces extant at the boiling point are not the 
same as those at the melting temperatures. 

Impurities affect the melting points of materials by 
lowering their vapor pressure and consequently causing 
a depression in the freezing point. The observed lowering 
of the freezing point is dependent on the nature of the 
substance and the molecular weight as well as on the 
amount of impurity present. It can be mathematically 
expressed : 

a 1000 g 

AT kK; i 
where 7 is the depression in temperature, g, the weight 
of impurity, g, the weight of substance, and M, the mole- 
cular weight of the impurity. Thus, the lower the mole- 
cular weight of the impurity, the more one expects the 
melting point to be depressed. Ky is an experimentally 
determined constant characteristic of each substance in 
the pure state. 

When a solid melts, it absorbs heat, the quantity being 
known as the heat of fusion. The volume of the liquid 
formed is not always the same as that of the solid just 
below its melting point. In some, as in tin and lead, it 
increases, while in others, such as bismuth and ice, it 
decreases. 

It is not surprising, then, to find that pressure affects 
the me!ting points of materials, in some cases depressing 
them and in others increasing them. The change is re- 
lated to the heat of fusion of the substance, the tempera- 
ture of fusion, and on whether the liquid or solid occupies 
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more space at the fusion temperature. This relationship 
has been mathematically expressed. It can be applied 
usefully in the calculation of the effects of pressure on 
filling capacitors or cables with impregnants. 
Obviously, a conventional constant such as the melting 
point becomes a function of pressure in the same way 
as the boiling point of a substance is a function. The 
question arises, therefore, how many and how important 
are the external variables that must be specified to define 
a system. The answer is that it depends on the number 
of components involved and the number of phases pre- 


sent. 


The Phase Rule 


A one-component system is H.O; such a system is 
said to posses three phases: ice, water and water vapor. 
A phase is therefore a physically distinct part of a 
system, separated from other parts by definite boundaries. 
When two phases are in equilibrium, the phase rule 
suggests that there is only one variable which must be 
specified. No more than one is required, and unless the 
one is specified, the system is unrealistic. This rule is 
frequently written as 

Pa: C P+2 
by which is meant that the number of degrees of freedom 
F is equal to two more than the number of components C 
less the number of phases P. 

In the case of H.O, at its melting point the solid is in 
equilibrium with its liquid at some temperature at which 
the pressure is defined. Furthermore, there is no require- 
ment to specify any pressure condition when the solid, 
liquid and vapor are all in equilibrium. At the triple 
point, the phase rule yields a value of zero for the 
number of degrees of freedom. There is, therefore. only 
one triple point, its pressure and temperature being fixed 
automatically. H.O at a temperature of 0.0098 
pressure of 4.58 mm is at its triple point. 

Because of the enormous interest in electronic devices 


and a 


which employ single crystals as components, the study 
and establishment of phase diagrams by physical chem- 
ists has Metallurgists, ceramists and 
technologists also require them for their work. Since 


increased. glass 
most work that involves metals and glasses occurs at a 
pressure of 1 atmosphere, it is customary to modify the 
phase rule to read F Cc P + 1 for this work, keep- 
ing in mind that if it were necessary the pressure should 
be specified. 


Eutectic Mixtures 


In the previous discussion on the depression-effect of 
an impurity on the freezing point of a compound, neither 
of the following considerations was involved: (1) the 
presence of a large amount of impurity (second com- 
ponent), or (2) the possibility that on cooling, the 
impurity might not be soluble. Actually, both considera- 
tions are important, especially in the growth of single 
crystals. 

Consider the effect of continuously varying the com- 
position of a bismuth-cadmium melt. As cadmium is 
added, the melting point of the mixture will be found 
to decrease until a certain composition is reached, after 
which the addition of more cadmium will cause the melt- 
ing point to rise and approach that of pure cadmium. 
Analysis of the cooled solid mixture at any composition 
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Table AS Constitutive Values 
for Calculation of Molar Volume 





Carbon 
Hydrogen 
Chlorine 
Bromine 
Iodine 37.0 
Sulfur 25.6 
Nitrogen 15.6 


Oxygen ona 
(a) in carbonyl compounds 7.4 
(b) in methyl compounds 9.1 
(c) in higher compounds 11.0 
(d) in acids 12.6 











Example: acetic acid, CH;3COOH, is theoretically 2x C+4xH 
+1X0O1+ 1X04 =63.8. Experimentally it is 63.7 at 118.1 C, the 
boiling point. 


the first has a 
corresponding to that of the 


will reveal that it consists of two phases: 
chemical composition 
material with the lowest melting point; the second phase 
is either pure bismuth or pure cadmium, depending on 
which metal is in excess. 

The explanation is that when materials like bismuth 
and cadmium are mixed, they form a compound which 
possesses a lower melting point than either of the re- 
agents. This compound is called the eutectic mixture and 
the temperature is called the eutectic temperature. Any 
bismuth or cadmium not combined in the eutectic com- 
bination solidifies as the mass cools, its melting point 
being dependent on how much eutectic is present. These 
crystals of bismuth and cadmium are dispersed in the 
liquid eutectic until the eutectic temperature is reached, 
at which point the mass solidifies. The final state consists 
of bismuth or cadmium crystals dispersed in a matrix 
of solid eutectic. On being reheated, the eutectic melts 
first, followed by the melting of the bismuth or cadmium 
at their appropriate temperatures. 

More than one eutectic composition may be found in 
a given system. In such instances a maximum existing 
between two eutectic minima indicates the formation of 
a distinct new compound not originally present in the 
ingredients. Such plots are significant in growing single 
crystals of barium titanate. 

Most organic solids consist of discrete molecules. 
although not all tend to crystallize. A solid which is not 
crystalline is commonly either a glass or a plastic. In 
each there is a degree of orderliness but it is microscopic 
and these regions are referred to as crystallites. 
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Dielectric Properties of Solids 


Solids possess five distinct ways of storing electrical 
energy. All solids are capable of storing energy by both 
electronic and atomic polarization. Such polarization is 
dependent on the nature of the atomic constituents and 
the density of the sample. Many solids also show the 
presence of permanent electric moments capable of ro- 
tating and aligning themselves in an applied electric field. 
Organic crystals such as those of cyclohexanol (melting 
point 18 C) act this way. Their presence is demonstrated 
by determining the dielectric constant above and below 
the substance’s melting point; it will be found that the 
dielectric constant of the solid is greater than that of the 
liquid. At low temperatures (—20 C in the case of cyclo- 
hexanol) these permanent electric moments begin to 
follow the field with increasing difficulty and at —30 ¢ 
are Inactive, the dielectric constant falling from 20 to 2. 

Another mechanism of energy storage arises from the 
presence in solids of two phases, each of which possesses 
a different conductivity. This permits the formation of 
charged interfaces or boundaries within the solid which 
correspond to small capacitors, each of which stores 
energy. This is frequently called Maxwell-Wagner inter- 
facial polarization. (A mechanical representation of 
dielectric processes is given in Fig. 6.) 

The dielectric constants of solids, like those of liquids 
and gases, are temperature and frequency dependent. It 
is customary to interpret this by introducing a factor 
which suggests that the density of the solid decreases 
with rising temperature. On the other hand, the con- 
ductivity rises and consequently the contribution of 
interfaces storing energy increases. Finally, the freedom 
of molecules to rotate and align themselves increases 
with temperature until the thermal agitation at higher 
temperatures offsets this effect and the result is a lower 
dielectric constant. 

The dielectric losses. «’. which arise in solids are 
simply defined as the ratio of the unrecoverable energy. 
W’. to the total energy. W. 
field. E, 


introduced by an electric 
into the solid. Thus, if the field is constant. 


where 


with C and J 
voltage of the capacitor. 


being respectively the capacitance and 


In the case of alternating fields, the value «<’’ is the loss 


factor per cycle. 

Since the a-c electrical losses W’ in a capacitor are 

W’ =e’ tand (WC, V?) 
for a given geometrical array, voltage and frequency 
 “ e’ tan é 

where 6 is the loss angle, (tan 8 is called the dissipation 
factor and for small values of 8 is numerically equal to 
sin 8. the power factor). 
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he dielectric loss factor of a solid is dependent upon 
the temperature and the frequency. Such a dependency 


suggests that there is a relaxation time, +. associated with 
the solid and that the rate at which the molecule is 
oriented by the field is in some way related to the “in- 
trinsic viscosity,” 7, or molecular friction of the system. 

This may be formalized as + C’ »/T. Since the 
viscosity, 7. of a material may be related to the tempe- 
rature thus: 


\ 
log n=ar+ B 


it is possible to associate the constants A and B with an 


activation energy Q and collision constants S thus: 
O 
RT 


In 


This may be combined to yield 


Since it is possible to show that 


and, consequently, that there is associated with the di- 
electric loss factor an activation energy which can be 
plotting the natural logarithm of the 
product of the relaxation time and the absolute tempera- 
ture against 1/7. 

Activation energies in solids have beeen determined 


determined by 


and have been found to lie in at least three discrete 
ranges. Values of 1-5 kilocalories/mole are associated 
with molecular interaction between neighboring mole- 
cules; 5-15 Keal have been found in polymers and this 
is attributed to the response of chain segments to the field. 
Finally, values of 40 Keal have been established and are 
associated with the rotation of individual polar groups. 

A ferroelectric crystal is one that exhibits a spon- 
taneous electric dipole moment; it is, in other words, a 
crystal in which even in the absence of an applied electric 
field the center of the positive charge does not coincide 
with the center of negative charge. A ferroelectric such 
as barium titanate is one in which the direction of the 
spontaneous electric moment can be altered by an elec- 
tric field. Such materials should be distinguished from 
“electrets.” The latter are usually organic solids that 
possess permanent electric moments and can be polarized 
by being liquefied and then cooled in an electric field. 
Such materials are not spontaneously polarizable and 
consequently are not ferroelectric, 

There are three well-known classes of ferroelectrics: 
these are the tartrates, the phosphates and the titanates. 
Rochelle salt (a tartrate) has a spontaneous polarization 
of 800 esu and will continue to show some polarization 
up to 297 Kelvin after which this effect disappears; this 
is called the Curie temperature. 

Potassium KH.PO,. has a 
spontaneous polarization of 16,000 esu but its Curie 
temperature is 123 K. 

Barium titanate has the perovskite crystal structure 


dihydrogen phosphate, 
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and a spontaneous polarization of 48,000 esu; its Curie 
There are domains in barium 
materials. 


temperature is 39] K. 


lar to those found in magnetic 


titanate simi 
Barium titanate has cubic symmetry above the Curie 
point and tetragonal symmetry below the Curie point. 
It is frequency-dependent and the dielectric constant 
falls appreciably at 10° cps because of domain wall 
inertia. 

Below 5 C the symmetry changes from tetragonal to 
orthorhombic and then near 70 C to trigonal; the 
crystal remains ferroelectric throughout these changes. 

[he ferroelectrics have been suggested frequently as 
materials which could be used in computer memories. 
[his is because it should be possible to polarize micro- 
scopic sectors of a small single crystal alternately and 
store information in the form of binary characters in 
very small areas for long periods of time. Unfortunately. 
the crystals which have been prepared up until now have 
shown fatigue: that is, on being cycled they do not return 
each time to their original polarization value. Much work 


is in progress toward understanding this effect. 


Summary 


Dielectrics may be studied as a part of chemistry, o1 


engineering, or physics without regard to the othe 
sciences. But, when applied to design engineering, it has 
depth only when illumined by the laws of all three 

lo the design engineer, electrical insulation has always 
had a functional aspect which has impelled him to make 
ontributions to the subject not particularly derivable 


from the more fundamental approaches of the othe 
disciplines. The engineer has done far more than adopt 
available materials to his equipment. He has helped to 
develop insulation systems; has created test methods: 
has set up research targets for the chemist and_ the 
physicist. 

Chis discussion, in its function as a “capsule chemistry 
for the design engineer,” is expected to be of positive 
help to him in his day-to-day work of specifying not 
only dielectrics but all materials. It should be of par- 
ticular help to those engineers who are in frequent contact 


with their own or outside materials specialists. 
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Molecule before opplication of electrical 
eeage - Sale field ‘ 


The absorption of energy by the dielectric 
according fo the law 0=«'E 





The energy loss which arises from the 
viscous nature of the dielectric 





The increase in energy content and 
erergy joss due to orientation of 
the molecular chain. : 








Dielectric foilure 








Fig. 6—A mechanical representation of dielectric processes, 
shown here for a gas. 
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Aromatic Substances—those which pos- 
sess as part of their constituent struc- 
ture a six-membered unsaturated carbon 
ring. The simplest such compound is 
benezene, CgHg, which is represented 
by the symbol 


Atomic _refractivities—numbers 
ated with each atom, the sum of which 
add up to the index of refraction of the 
compound, 

Adsorption, physical—a surface phenom- 
enon exhibited by solids which consists 
n the attachment on their surface of 
gases, liquids, or dissolved substances 
with which they are in contact. 

Atomic polarization—the phenomenon by 
which neighboring atems of different 
charge move closer together or further 
apart when placed in an electric field. 

Avogadro’s Number, N—the number of 
atoms in 16 grams of oxygen. This is 
0.602 x 10%/mole. The mole is the 
measure of quantity equal to N mole- 
cules. The quantity conventionally called 
“molecular weight” is the ratio of the 
molar mass to 4g of the molar mass of 
O, or as the ratio of the molar mass to 
140 of the molar mass of Oz. Thus, molec- 
ular weight is neither a weight nor a 
mass, but a numerical ratio. 

Boltzmann’s Gas Constant, k-—the en- 
ergy absorbed by a gas molecule on ris- 
ing one degree. It is numerically 1.372 
x 10-16 erg/deg. 

Chemical kinetics—the study of the rates 
at which chemical reactions occur. 

Cross-linkage—a phenomenon which oc- 
curs when two neighboring long-chain 
(high-molecular-weight) molecules are 
caused to interact, thereby forming a 
bridge. 

Chemical equilibrium—the stage in a 
reversible chemical reaction at which 
the rate of the direct reaction is equal 
to the rate of the opposing reaction. 

Chemisorption—a type of adsorption by 
which a gas or liquid becomes so firmly 
attached to a surface that a chemical 
reaction appears to have occurred. 

Enthalpy, H—the heat content of a sys- 
tem. It consists of the sum of the internal 
energy, E, and the external energy, PV. 


associ 


Entropy—a thermodynamic quantity equal 
to the heat absorbed by a system divided 
by the absolute temperature at which the 
absorption of heat takes place. It is a 
measure of the amount of heat in the 
system unavailable for doing external 
work. 


polarization—the phenome 
non by which the electrons in a molecule 
are displaced from their normal posi 
tions when placed in an electric field. 

Electric moment—the moment, “, which 
arises when a charge, e, is displaced a 


Electronic 


distance, d, from its normal position. 

Equilibrium constant—the product of 
the concentrations (or activities) of the 
substances produced at equilibrium in a 
chemical reaction divided by the product 
of concentrations of the reacting sub 
stances, each concentration raised to 
that power which is the coefficient of the 
substance in the chemical equation. 

Ferroelectrics materials which show 
spontaneous alignment of electric dipoles 
by mutual interaction for the concentra- 
tion of electric energy 

Inorganic chemistry—the study of all 
those materials which do not contain 
carbon as a constituent atom. 

Ionic solutions—dispersions of such sub 
stances as acids, bases and salts which 
appear to decompose in solution into 
charged particles called ions. 

Kinetic theory of gases—a theory that 
all gases are made up of discrete spheri 
cal entities (molecules) which are in 
constant motion. The distances between 
the molecules are large compared with 
their size. Temperature is due to the 
average kinetic energy of these mole- 
cules, while pressure is caused by the 
bombardment of the walls of the con- 
tainer by the molecules. 

Law of mass action—the rate of a chem- 
ical reaction is proportional at any in- 
stant to the active masses of the reacting 
substances. By “active mass” is meant 
the molecular concentration of the sub- 
stance available for chemical reaction; 
i.e., the number of moles per unit vol 
ume. With gases, the active mass may 
be expressed in terms of the partial 
pressures of the reacting gases. 

Mole—a mass numerically equal to the 
sum of the atomic weights of all the 
atoms in a molecule 

Molar volume—the molecular weight of 
a substance divided by its density. 

Metallo-organic chemistry — the study 
of substances which contain metal atoms 
and carbon atoms linked together (e.g., 
lead tetraethyl). 

Molar refractivity of a substance—the 
product of the molecular weight and the 
specific refractivity of the material; i.e., 
the ratio of the velocity of light in a 
vacuum to that in the substance. 


Thermodynamics, Laws of 


Molecular engineering—the design prox 
ess for securing the most apt material 
for solving a problem. It consists in 
carefully evaluating the function of the 
material, establishing the relationships 
between the function and the chemistry 
of the material, and preparing a mate 
rial possessing such functional charac 
teristics. Thus, a thermally stable, chemi 
cally unreactive, heat-transfer fluid might 
be expected to possess a noncarbon 
chain, covalent linkages, and a moderate 
molecular weight—e.g., the silicones. 

Organic chemistry—the study of the 
compounds of carbon. 

Gibbs’ phase rule—an equation advanced 
by Gibbs which defines the general con 
ditions under which a system of several 
phases may be in heterogeneous equi 
librium. It is: F C P + 2. Here 
F is the number of degrees of freedom 
of a system (i.e., the number of inde 
pendent variables which must be fixed 
to completely define the system): C is 
the smallest number of components in 
terms of which the chemical composition 

des ribed by 

means Of a chemical equation, and P is 


of each phase may be 


the number of phases present at any 
stage. 

Photochemistry—the branch of physical 
chemistry concerned with the chemical 
effects produced by light (radiation) 

Photolysis—a chemical process activated 
by radiation (as against catalysis, a 
chemical reaction activated by a catalyst, 
or electrolysis, a chemical reaction a 
tivated by an electric field. 

Polymer—a material formed by the inter 
action of molecules of the same sub 
stance. 

Polar compound—a substance which pos 
sesses a permanent electric moment. 


Substitution reaction—one in which two 
substances interact in such a way that 
atoms of each exchange places in the 
final products. 

Surface tension—two fluids in contact 
exhibit phenomena, due to molecular 
attractions, which appear to arise from 
a tension in the surface of separation. 

Snell’s Law—the ratio of the velocity of 
light in a vacuum to that in a material 
is equal to the ratio of the sine of the 
angle of incidence to the sine of the 
angle of refraction. 

Thermochemistry—the branch of physi 
cal chemistry concerned with the thermal 
changes which accompany chemical re 
actions. 

the laws of 

thermodynamics express certain energy 

relationships which were found empiri- 
cally to be true. The first law, known 
also as the law of conservation of energy, 
states that energy can be neither created 
nor destroyed; when one form of energy 
disappears, another form always appears 
in equivalent quantity. The second law 
states that heat can not pass spontane- 
ously from a colder to a warmer body. 
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Temperature Rise 


Current Rise 


of Etched Wiring Lines 


The test techniques and interim data 
presented here are pointed toward more 
accurate and practical design use than 
was possible with data previously avail- 
able. Included in the test results is a 
nomograph useful for epoxy-glass lami- 


nate printed-wiring boards. 


R. P. NOBLE 
SANDIA CORPORATION 
Sandia Base, Albuquerque, New Mexico 


PUBLISHED DATA ON temperature rise vs current rise of 
etched lines in printed circuits show considerable varia- 
tion. Two general approaches have been used: (1) a 
static d-c current of 15 amp was maintained and a com- 
parison was made of temperature rise vs line size and 
laminate type; (2) the type and thickness of the lami- 
nate were held constant and the values of temperature 
rise vs d-c current for a line of particular width were 
then plotted. The latter approach is preferred; the data 
are more complete and are of greater value to the pack- 
age design engineer. 
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The family of curves in Fig. 1 illustrates the variations 
in the published data. The difference in temperature rise 
may be attributed to errors in measurement technique, 
to differences in test environment, to differences in the 
thermal conductivity of the laminate materials, to slight 
variations in cross-sectional area of the etched lines, 
or to a combination of these factors. Because of differ- 
ences in these curves, these data cannot be used effec- 
tively as design criteria. Basically there are two problems: 

1. To obtain accurate data by developing a reliable 

measuring technique. 

2. To convert these data into the practical design 

data necessary to the dynamic situation of an elec- 
tronic package. 


Basic Considerations 
The quantity of energy generated in the form of heat 
by an electrical conductor can be calculated from the 
expression: 
w= f #R«T) (1) 
For a steady-state direct current, Equation (1) can be 
expressed as: 
W = PRT (2) 
If J is brought to a constant value, the resistance of a 
given conductor will either decrease or increase until 
the temperature of the conductor has stabilized. Tempera- 
ture stabilization will take place when the /?R losses are 
equal to the input power. Therefore, in measuring the 
temperature rise vs change in electrical current, this 
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2 4 


current in etched line,amp 


Fig. 1—Comparison of published temperature rise vs 
current rise data for a 0.015-in. wide etched line on 1-oz 
copper epoxy-glass laminate. Note variations in tem- 
perature rise values. Curve No. 1 represents tests on 
¥4-in. thick laminate; curves Nos. 2 and 3, on g-in. 
laminates. 


time lag before stabilization must be recognized. 
The formula which expresses the relationship between 
temperature and resistance for copper is: 
R, 234.5 + ¢t? . 
R, 234.5+¢ (3) 
For a given ambient temperature, the line temperature 
is a direct function of the energy in the form of heat 
generated in the line. With zero current flowing in the 
line, the heat in the line can be expressed as: 
line heat = 0 + E, cal (4) 
in which E, is the heat in the line due to the ambient 
temperature. On the other hand, if 7 amp are flowing in 
the line, then the expression becomes: 


line heat = J? ( 


) 0.24. R.T + E, — HT cal (5) 


where 
t, = temperature at stabilization point in deg C 
t, = ambient temperature in deg C 
R, = line resistance at ambient temperature 
T = time in seconds 
E,, = heat in line due to ambient temperature 
H = heat being dissipated into the surrounding 
medium 
0.24 = constant to convert to calories. 


The first term on the right side of Equation (5) is the 
expression for the heat energy generated in the line as 
a result of current flow. Changes in the ambient tempera- 
ture (f,) will not appreciably change the ratio of the 
expression within the brackets because, for a given 
value of current J, the temperature ¢, will change value 
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in the same direction as t,. Changes in / will affect the 
value of the first term in the equation. Therefore, a curve 
of temperature rise above ambient vs line current would 
be useful in establishing etched line design criteria. 

For a given steady-state current, the line temperature 
is a function of the shape, the dimensions, the electrical 
resistance, the surrounding medium, and the radiating 
characteristics of the conductor. 

The heat conduction differs for each type of laminate. 
Thermal conductivity values for the various base mate- 
rials can be obtained from the laminate manufacturers. 

An analysis of heat-conduction problems in electronic 
packages is a study in itself. However, if we are to ar- 
rive at safe current-carrying values for the etched lines 
in a particular package, we cannot overlook the effect 
of the various internal heat-generating sources. One 
should recognize that the “effective ambient temperature” 
of the etched line will be different, in most cases, from 
that of the ambient temperature to which the entire 
package is subjected. The ambient temperature of the 
line will depend upon the heat distribution pattern over 
the etched card. There will be “hot spots” over the card 
in many instances. Such heat-generating sources as sub- 
miniature tubes, power resistors, adjacent high-current- 
density lines, and other components will produce an 
uneven temperature distribution. 


“ 


Measurement Technique 

The development of a technique that would produce 
reliable temperature rise data was projected with these 
important requirements: 

1. The temperature-detecting device should yield ac- 
curate measurements over the complete temperature 
range involved. 

Available standard test instruments should be 
used; an elaborate test setup should not be neces- 
sary. 

The temperature detector should not conduct an 
appreciable amount of heat away from the etched 
line; nor should it permit line current to flow 
through it. 

Tests must be conducted under controlled static 
conditions so that the obtained data can be trans- 
lated for use under dynamic situations. 

A monitoring technique to indicate the temperature 
values accurately should be developed. 

A copper-constantan thermocouple (No. 30 wire) was 
used as a temperature detector. A very small thermo- 
couple junction, in the form of a bead, was made by 
welding the thermocouple wires together (see arrow, 
Fig. 2). With this type and size of junction it is possible 
to make a point contact with the etched line and at the 
same time achieve a low-resistance thermal contact with- 
out conducting an appreciable amount of heat away from 
the line. 

The test setup is illustrated by the block diagram in 
Fig. 3. The test chamber was designed to provide a 
reasonably constant ambient temperature with static air 
conditions over the entire current rise cycle. A maxi- 
mum increase in ambient temperature of 10 F was re- 
corded over the entire cycle. However, from a practical 
point of view, slight temperature gradients can be ig- 
nored unless extremely accurate temperature values are 
desired. 

Temperature vs d-c current was recorded simultane- 
ously with the voltage drop across the etched line. The 
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resistance of the line at various values of E and J] was 
then calculated. A curve of this resistance vs the corre- 
sponding temperature, measured by the thermocouple, 
was then constructed (see Fig. 4). The slope of the {(R) 
curve is constant. This indicates that the temperature 
rise vs current rise data are relatively correct because 
theoretically the f(R) curve should be a straight-line 
function. However, this test is relative and does not neces- 
sarily prove an absolute value at any point. 

Tests were also made to verify the absolute accuracy 
of the indicated line temperature. A thin coating of a 
temperature-sensitive paint was placed on the etched 
line adjacent to the thermocouple. The current was in- 
creased slowly and a comparison was made between the 
temperature readings indicated by the thermocouple 
and the melting point of the paint. Variations of 0.8 to 
7 per cent were noted. At higher temperatures these 
errors are significant. When the temperature-sensitive 
paint is used as a monitor, a correction factor can be 
added to the temperature readings. Accuracy within +2 
per cent is gained. 


Test Procedure 


A test card that had been subjected to a d-c current 
overload has already been shown in Fig. 2. Several 
etched cards of the same pattern were connected in series 
to the test terminal board. Power was supplied by the 
50-amp d-c source. Current was controlled by adjusting 
the 1000-watt carbon pack. Current value was measured 
by a 20-amp, full-scale, 0.5-per cent accuracy ammeter. 
Temperature was recorded by the 16-channel recorder. 
Four separate test runs were made to record final data: 


Run I —Five cards each of 0.025-, 0.050- and 0.075- 
in. wide lines etched from epoxy-glass 4 
in. thick, l-oz copper-clad laminate, were 
connected in series. 

Run II —Run I was repeated using 2-0z copper. 

Run I]]—Run I was repeated using 3-0z copper. 

Run I1V—Run I was repeated using 5-0z copper. 


Before average current-density calculations were made, 
it was necessary to determine the average cross-sectional 
area of each line. The line width was determined by 
using a toolmaker’s comparator. The line thickness was 
determined by using a 1 in. micrometer graduated in 
tenths of a mil. The copper line was stripped from the 
laminate, and thickness measurements were taken at 4- 
in. intervals over a length of 114 in. on both sides of 
the center. 


Results 

Curves have been drawn of the measured line tem- 
perature vs line current. Data for these curves were 
selected on the basis of the extremes in the cross-sectional 
area of the etched lines. There is a pair of curves for 
each specified width and each thickness of line. The dif- 
ferences were caused by uncontrollable width and thick- 
ness variation in the lines. Curves of current density vs 
temperature rise for each specified width and thickness 
of line also were drawn. A comparison of all of the data 
is presented in one nomograph (Fig. 5). Analyses of the 
test runs follow: 


Test Run I (l-oz Copper). Slight differences in cross- 
sectional areas for any given dimension of etched lines 
result in significant differences in line temperatures. This 
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Fig. 2—Welded thermocouple wires 
provide a small bead-like junction for 
with the etched line. 











(see arrow) 
point contact 





is especially noticeable at higher current density values. 
It may be deduced that dimensional tolerances of etched 
lines are very important when the temperature rise above 
ambient is considered. 

The electrical conduction efficiency of the 0.025-in. 
wide line is considerably greater than that of a 0.050- 
or 0.075-in. wide line for a specified copper weight. As 
the cross-sectional area of a line of a specified copper 
weight increases, the efficiency decreases. This phe- 
nomenon is apparent if the current densities of the vari- 
ous etched lines are compared for a given temperature 


rise above ambient value. ‘ Extreme laminate 
charring 


Test Run II (2-0z Copper). Differences in line widths 
result in noticeable differences in temperature rise above Laminote chorring 
ambient values. The current-carrying efficiency of the ° { ‘ae 
2-0z copper is considerably less than that of the 1-oz 
copper for a given line width. A comparison between the 
temperature rise above ambient at 90 milliamp/sq mil 
of the 0.025-in. l-oz line shows that the corresponding 
temperature rise is greater for the 2-oz line. 


Test Run III (3-0z Copper). The general trend is the 
same as that revealed for the l-oz and 2-0z copper. Pit- 
ting and pin holes were observed, however, to a slight 
extent in the test specimens. As a result, current density 
and temperature rise in the conductor are affected. 


Test Run IV (5-0z Copper). The same general trend Fig. 4—Typical test data on a printed-wiring card of 
; ‘ : ce . l4g-in. thick epoxy-glass laminate, etched line width 
is repeated here. Considerable pitting and many pin gow gale : Re P ‘ ig 

, de 0.0245 in. line thickness 0.005 in. Ambient, 170 F. 

holes were observed, including holes of 0.009-in. dia. 
Where pin holes occur, the cross-sectional area is re- 
duced; therefore, for any given d-c level, the current 
density is increased. This condition results in a marked 
temperature rise. 


: : Fig. 5—Current-Carrying Characteristics Nomograph. 
Discussion This nomograph can be used to determine the tem- 
The current-carrying efficiency of etched lines of the perature rise above ambient of the various widths of 
same weight of copper is inversely proportional to the etched lines in printed wiring. The line current is indi- 
cated by the scale on the left. This value is multiplied 
by a current density factor that appears (in parentheses) 
just below each current density scale corresponding to 
different copper weights, is inversely proportional to the various line sizes. The current density factor is 
(Continued on page 258) based on the smallest average cross-sectional area ob- 
served in five different specimens of the same width of 
line and weight of copper. The resulting current density 
value is located on the corresponding current density 
——=F\.— —(A)——— scale. A straight edge placed on this value and the line 
current value will cross the temperature rise scale 
(located on the right side of the nomograph) at the 
correct value. For example, to determine the maximum 
permitted current and corresponding temperature rise 
in a l-oz, 0.025-in. wide line on 4¢-in. wide epoxy-glass 
laminate: 


cross-sectional area of the line. Likewise, the current- 
carrying efficiency of lines of the same width, but of 


Line fuse D-c ammeter 

















1. Note the current density factor of 30 and a limit 
of 150 on the 1-oz, 0.025-in. wide line. 

Millivoltmeter 2. Divide 30 into 150 and obtain 5. This is the maxi- 
mum line current value. 

3. A straight edge is placed on the 5 and 150 value of 
step (1). 

4. The line temperature above ambient is indicated 
at the intersection of the straight edge and tem- 
perature scale at approximately 205 F. 


| 
YY | 
Test card \ y | On the other hand, to select a line which is to carry 


: A - = 6 amp maximum in a 0.050-in. line of 2-0z copper, use 

















NN 








this procedure: 
1. The 2-0z, 0.050-in. line density factor is 8. There- 
1 tainted fore, the current density is 48 (8x 6). 
recorder 2. A straight edge placed on 6 amp and 48 of the 2-oz, 
0.050-in. line will cut the temperature scale at 
Fig. 3—Schematic for test setup for investigating tem- approximately 50 F above ambient. 
perature rise vs current rise of etched wiring lines. 
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Standard Test Panel 
for Printed-Wiring Boards 


Specifications for “‘super-reliable’’ boards 
incorporate a specially designed test panel. 
Requirements are directed toward produc- 
tion-quantity procurement of boards char- 
acterized by good mechanical strength, 
high insulation resistance under severe 
environments. and high bond strength 
between the conductive pattern and base 


laminate. 


LEROY COTA, C. C. PETERSEN and F. D. TURNER 
Mororo.a, INcoRPORATED 

Western Military Electronics Center 

Phoenix, Arizona 


APPLICATIONS IN MILITARY EQUIPMENT require the high- 
est grade of printed-wiring boards. Basic design con- 
siderations are these: 

1. What type of base material should be selected? 

2. Is it best to use plated holes or eyelets? 

3. How should the finished conductive pattern be 

plated? 

4. What types of defects (or how much unreliability) 

should be risked? 

Answers to questions such as these are not obtained 
from a specification, but rather from a consideration 
of the application, its economics, and the required re- 
liability in conjunction with design-proven character- 
istics of the various design alternatives. However, once 
these questions are settled, the specification then func- 
tions to fully describe the materials, workmanship, de- 
sign, and performance of the printed-wiring board. 
Specification of performance is important. Printed 
wiring specifications heretofore have woefully neglected 
proof of performance, particularly in severe environ- 
ments. Described here is an attempt to be more complete 
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in this respect, including the use of a standard test panel 
for correlation of test results. 

The authors’ experience has indicated that the super- 
reliability requirements for typical applications are best 
met by: 

1. Epoxy-glass laminate; 

2. Plated-holes of adequate wall thickness; 

3. Electroplated gold finish; 

4. Boards as free of defects or flaws as it is possible 

to make them. 

A specification was therefore developed by the West- 
ern Military Electronics Center of Motorola pointed to 
the procurement of such boards. 


Quality Assurance 

To qualify for the Motorola printed wiring specifica- 
tion, vendors are asked to submit six specimens of a 
standard test panel (Figs. 1 and 2) fabricated with 
processes they will use in supplying purchase quantities 
of boards. These test panels are tested in accordance 
with the detailed procedure of the specification and are 
accepted or rejected on the basis of conformity to quan- 
titative requirements. 

Periodically, the qualified vendors are rechecked by 
tests on groups of three standard test panels to assure 
that the quality level has not changed. Any changes of 
process result in withdrawal of qualification approval 
and immediate retest to determine adequacy of the new 
process. In addition, boards procured for production in 
generally used configurations are inspected for all of 
the visually determined requirements of the specifica- 
tion during acceptance inspection of each lot. 


Details of the Specification 

The first portion of the specification is related to re- 
quirements that can be visually determined. The mate- 
rials used to make the boards are defined: the base 
material, copper foil and plated copper, gold, silver, eye- 
lets, and marking ink. The use of materials other than 
those specified must have prior approval. 

To describe the design and construction of the board, 
the following items are specified: copper thickness, 
plated hole wall thickness, conductor width tolerance, 
thickness of base material, warp and twist of base mate- 
rial, finished corner radius, overall board dimensions, 
and accuracy of photo reduction. Also specified is the 
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Fig. 1—Obverse side of a standard test panel for specify- 
ing reliable printed wiring boards, developed for 
Motorola Specification No. 212M10877. 


Fig. 2—Reverse side of standard test panel. 
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visual appearance of the insulating areas, conductors and 
lands, plated holes, unplated holes, finish of base and 
conductor, marking and workmanship. Every effort is 
made to describe the physical characteristics in such a 
manner that there can be no question as to the con- 
struction of the board. Test panels submitted for quali- 
fication must satisfy all visually determined requirements 
before the evaluation proceeds to the test portion. 
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The second part of the specification relates to perform- 
ance requirements. The entire board is cleansed by means 
of an ultrasonic device to assure that this cleaning 
method can be used in production without any detri- 
mental effect on the electrical or mechanical properties 
of the board. Sections of the test panel are covered with 
an epoxy conformal coating to establish the compatabil- 

(Continued on page 256) 
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Engineering Applications of 
Boolean Algebra 


BORIS BEIZER 
AIRBORNE INSTRUMENT LaBoraTtories, Mineola, N. Y. 


STEPHEN W. LEIBHOLZ 


Repusiic AviATION CorporaTION, Farmingdale, N. Y. 


Analyzing Specifications 


by transforming requirements into maps that point up (for correction) any con- 


tradictions or ambiguities. 


and 


Designing Circuits 


by synthesizing the boolean functions of the final circuit from the map analyses of 
the specifications. Also practical hints for d-c gate. pulse gate, relay circuit design. 


THE OBJECTIVE OF THIS ARTICLE is to answer two ques- 
tions: 
e How is a set of requirements or specifications 
analyzed and transformed into logic? 
e How is this logic used to design a circuit? 
The problem of logical design is the reverse of the prob- 
lem discussed in Part II.* There the language and laws 
of boolean algebra were used to develop techniques for 
the analysis of circuits and logical functions. The design 
problem, on the other hand, is one of synthesis. 
Webster’s definition is apropos: 
“Syn-the-sis. . . . . 1. The putting together of parts or 


*Part Il of this series, ‘‘Analyzing Combinational Circuits by Boolean Matrices 
and Karnaugh Maps,"’ appeared in the June 1958 issue. 





elements so as to form a whole: opposed to analysis .... 4 
In philosophy, deductive reasoning from the simple elements 
of thought into the complex whole, from cause to effect, from 
a principle to its applications, etc.” 

Logical design involves a synthesis—from cause to 
effect. The “effect” is the schematic design of a computer, 
control system or one-armed bandit. The “cause” may be 
a specification, some verbal requirements, or perhaps 
merely a vaguely-formed idea. Logical design is the de- 
sign of circuits which perform operations in formal logic; 
of necessity it is also “logical” design, i.e. rational. 

It seems almost a fact of nature that any given set of 
system requirements will be incomplete. As a major part 
of the synthesis process, these requirements must usually 
be amended into logically airtight specifications and only 
then converted into boolean functions. After introducing 
various auxiliary design criteria, these functions form a 
logical prescription for the circuit or device. 

No doubt the most difficult problem in logical design 
is the very first one: the formulation of a firm set of 
specifications which is logically meaningful. All too often 
the initial requirements are proposed in a sketchy way. 
On the other hand, a tangled labyrinth of performance 
specifications is sometimes offered. Like Alexander’s 
sword, boolean algebra helps to unravel this particular 
type of Gordian knot. Thus the logical analysis of speci- 
fications plays an important role in the synthesis of 
circuits. 

After a suitable boolean function is found which fulfills 
the specifications, the engineer should consider the auxil- 


tWebster’s New World Dictionary of the American Language, College Edition. 
World Publishing Co., New York, 1952. 
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iary criteria and use them to convert this function into 
an equivalent expression which becomes the final pre- 
scription.* Some of these criteria are: reliability, weight, 
cost, maintainability, producibility, availability of com- 
ponents and the internal logic of the hardware elements. 
In many cases they can be introduced in a mathematical 
way. 

Plan of Attack. Conceptually speaking, the design 
process may be divided into five steps: 

e Obtain or prepare a statement of the requirements. 
This will presumably include problems involving logical 
as well as analog requirements such as amplification, 
pulse shaping, servos, etc. If the switching (or logic) is 
complex, boolean synthesis is called for. 

e Prepare a block diagram, isolating the logical prob- 
lems. The distinction between these subdivisions lies in 
the desired end result. For instance, a sampled-data con- 
trol system may have analog inputs and outputs, yet 
include a considerable amount of switching whose opera- 
tion depends upon the numerical values of the inputs. 
Another example might be an instrument panel which 
displays critical data and out-of-tolerance readings only 
momentarily, according to a complicated set of rules. This 
switching problem is accessible to boolean synthesis. 

e Amend the specifications to clarify any undefined or 
contradictory situations. The former difficulty requires a 
statement of what the action of the circuit shall be in 
those situations which are not covered by the specifica- 
tions, plus an assertion that certain combinations of 
states are impossible. The latter difficulty can often be 
resolved by a statement of precedence. 

e Synthesize a logical function from the amended 
specifications. The result will a boolean function in the 
expanded form. Convert this function to a circuit, either 
directly or by means of boolean matrices, etc. 

e Utilize the subsidiary criteria to modify this circuit 
into its final form. This consideration may require the 
designer to return to the previous step in order to formu- 
late another boolean function which meets the specifica- 
tions and is more suitable to the design. 


FORMULATING THE LOGIC 


Definition of the Problem. The original require- 
ments must first be divided into statements concerning 
_ the logical portion of the system and statements of any 
other type. The logical requirements, once divorced from 
the rest, can then be collected into a set of statements, 
most of which will be of the form: 
a 

If any of these statements involves a requirement or a 
condition which depends upon the previous history of 
the device, then the problem is called a sequential prob- 
lem and will be dealt with in greater detail in a later 
article in this series. If not, it is a combinational problem, 
and the methods of this article are directly applicable. 

A black box which performs certain switching func- 
tions has a number of inputs, outputs, and controls con- 
nected to it. These must be distinguished from each other 
and clearly labeled: 

e Controls, or control inputs, are the independent 
variables of the circuit. They determine the state of the 
device. A ganged switch or a relay coil is a control, as 


*Not only are there many mathematically equivalent expressions for the same 
boolean function, but furthermore, a given set of specifications may be satisfied 
by a number of mathematically different furctions. This often permits a high 
degree of design flexibility. 
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are the inputs of a gate network. Controls will be labeled 
with capital letters. 

e Inputs are merely the terminals into which flows the 
information to be processed. A circuit composed of elec- 
tromechanical switches has separate controls and inputs. 
On the other hand, it may happen that the inputs also 
control the state of the device: i.e., they simultaneously 
function as controls. If so, the resulting circuit will have 
to include gates or relays. However, the first stages of 
synthesis are still the same. Inputs, when distinct from 
controls, will be denoted by lower-case letters. 

e Outputs of the device are simply the terminals out of 
which the information flows. If any of these outputs feed 
back and form controls, the device is essentially sequen- 
tial. 

The division of the problem between inputs, outputs 
and controls is for the purpose of defining the scope and 
analyzing the specifications. No distinction will be drawn 
between inputs, outputs and internal nodes when matrix 
techniques are discussed. 

If the statement of the problem has been carefully 
worded, the “if” clause refers to the controls and the 
“then” clause denotes the outputs. For example: 

“If the bomb-bay doors are open, and the wheels are up, 
and the release button is pressed, then the bomb will be released.” 
(See Fig. 38.) 

The Logical Statement. One of the most difficult 
aspects of any project is to verbalize it in an unambiguous 
and non-contradictory way. In the case of logical design 
problems, this takes the form of specifying precisely what 
is required and what is not required under every com- 
bination of logical conditions. This includes the cases in 
which the output is of no importance. 

The requirements must be stated in a grammatically 
correct and unambiguous form. Ungrammatical English 
is perforce illogical English, and the designer may easily 
find himself up a tree when confronted with specimens of 
the following kind: 

“The gear-up light shall not operate when only the gear is 
down, but not on take-off.” 

“When X is greater than Y, feed X to Z. When Z is greater 
than Y, connect Y to X. If X equals Y, disconnect them.” 

“No parking 6 PM to 6 AM, except not on Sundays.” 





(SLNANI) 
(OUTPUT) 





(CONTROLS) 








x 


WHEELS 
DOWN 


DOORS 
OPEN 


RELEASE 
BUTTON 


Tai=X‘YZ 


3 An initial step in formulating control logic is to isolate 

and define the logical requirements in terms of inputs, 
outputs and controls: “If the bomb-bay doors are open, and 
the wheels are up, and the release button is pressed, then the 
bomb will he released.” 
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No simple method can be offered for converting re- 
quirements to intelligible form. At this stage it is not 
necessary to worry about the logical consistency of the 
statements—the analysis method presented in the next 
section will clarify this. Before one can proceed, the re- 
quirements must be phrased so that they mean the same 
thing to any reader. 

The words only and not, as the above examples indi- 
cate, are especially troublesome, inasmuch as their ante- 
cedents can be uncertain. It is often helpful to divide 
such statements into several smaller ones embodying 
fewer conditions.* For instance, the third example is 
confusing because the reference of the second negation 
is not clear and the time (12 M—6 am Sunday) is cov- 
ered by two statements. The confusion could be eased by 
writing a separate sentence regarding Sunday parking. 


States of the Switching Device. The states of a 
logical device consist of every theoretically possible com- 
bination of the states of the controls. Very rarely is it 
true that all these states are either possible in practice or 
useful to the designer. For instance, if three relays in a 
circuit are energized, one at a time, by a rotary switch 
(see Fig. 39) then, of eight theoretically possible com- 
binations of states, only four are actually possible. (The 
fourth state is the power-off condition with all relays 
deenergized. This state is often picked as the fail-safe 
state, and should be included with the original require- 
ments. ) 

Since each control can be either off or on, a problem 
involving n controls has at most 2" states. Therefore 
there are 2" situations which must be considered by the 
specifications prior to designing the circuit.+ This would 
seem to indicate that a device with ten controls has 1024 
different states. This happens to be true, but there are 
practical realities which tend to simplify the design: 

e The control inputs may not be completely inde- 
pendent of each other, as shown in Fig. 39. The fact that 
these three controls provide no more than four states 
rather than eight will be very helpful. Impossible com- 
binations lend flexibility to the design, permitting greater 
simplification. Another treatment of the unused states 
consists of reducing the number of controls to the mini- 


*Another alternative would be to write the requirements in French, where these 
semantic difficulties are much less pronounced. 


tFor n controls, there are at most 2 to the 2" power logically different circuits. 
The reader may be interested in proving (or disproving) this statement by using 
the material in Parts I and II. 


3 An unambiguous specification must cover all possible 

conditions or states. A circuit with three controls can 
have up to eight states, but with selector switch (as above) 
only four states are possible. 
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mum required (two in the above example). This latter 
approach will be considered in Part IV under the title of 
State Coding. 

e Under certain conditions, which may not be directly 
related to the switching logic, some of the outputs may 
be of no interest. For instance, if the logical circuit feeds 
a digital counter and a warning flag which covers the face 
of the counter (e.g. a TACAN distance indicator) then, 
whenever the warning flag is exposed, it does not matter 
what voltages are applied to the counter. In such cases 
the designer is free to choose the action of the circuit to 
be anything at all. Needless to say, his choice will usually 
be one that simplifies the circuit. Therefore these “un- 
interesting” states must be sought out, recognized and 
applied in the synthesis. 


ANALYSIS OF SPECIFICATIONS 


The first step in the analysis of specifications is to 
assign a symbol to each input, output and control. Each 
“if ...then ...” statement refers to the connection be- 
tween some input and output. The “if” portion of the 
sentence describes the states under which this connection 
will be made (or broken). The “then” portion cites the 
resulting connection. 

Each input-output combination will be dealt with as a 
separate problem in logic. Only later will they be merged. 
The procedure is to isolate those statements which discuss 
the particular input-output under scrutiny, and convert 
the “if” into one term of an algebraic function. 

The reader will recall from Part I that the key word 
OR refers to logical addition, and the key word AND de- 
notes logical multiplication; NoT denotes negation or 
priming. The position of parentheses and primes will be 
indicated by the grammar and punctuation, provided that 
the specifications are grammatically unambiguous. This 
is the reason for the stress laid upon precise wording. 
In the case of NoT, phrasing becomes particularly delicate. 
More than one interpretation of this word is sometimes 
possible. 

As mentioned, certain combinations of controls will be 
impossible. In Fig. 39 not more than one of the relays 
can be energized at the same time; thus the only possible 
combinations of states are: 

Z 
0 
1 
0 
0 

The other four combinations (011, 101, 110, 111) are 
impossible. Cases such as this, or cases in which the out- 
put is uninteresting, are called @ states, and the corre- 
sponding terms of the function (such as X’YZ, XY’Z etc. 
above) are called the ¢ terms of the specification.{ 
Another example: In the case of the TACAN distance 
indicator mentioned above, the action of the distance 
indicator would be a ¢ term whenever the flag was ex- 
posed. 

The result for each input-output combination will be 
three algebraic functions which answer the questions: 

e When is the transmission equal to 1 (i.e., on) ? 

e When is the transmission equal to 0 (i.e., off) ? 

e When is the transmission equal to ¢ (an uninterest- 

ing or impossible state) ? 

{The origin of this notation is believed to lie in the fact that these states result 


in a transmission of 0 or 1 at the discretion of the designer. The superposition 
of these two letters will produce the letter 
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XYZ+X‘Y’ | WX’Y’Z+-XZ’ | X’Y+WX 


40 To analyze a spec for contradic'éons or ambiguities, an 
input-output table is first constructed. Each “covered” 
state is classified as a desired or “on” state (1); an undesired 
or “off” state (0); or an impossible or “don’t care” state (¢), 
as shown for Radio Set example. From this table synthesis 
map (67) was drawn and then “corrected” to become map (68). 


Example. Rather than take a set of requirements for 
switching circuits, consider a group of statements which 
might have been quoted from a product specification: 

3.2.1 Hermetical Sealing 

3.2.1.1 Sealing—The Radio Set AN/ARC-196% shall be her- 
metically sealed if of riveted construction and painted black, 
or if the case is unfinished clear aluminum. 

3.2.1.2 Not Sealing—The Radio Set AN/ARC-196% shall not 
be hermetically sealed if the electronic components of the Radio 
Set are potted and the case is riveted clear aluminum. If the 


case is of painted, screwed construction, the Radio Set shall 
also not be sealed. 


3.2.1.3.—If the Radio Set is potted and painted it may or 
may not be sealed at the discretion of the vendor. 

The treatment of a specification, as far as specification 
analysis is concerned, takes no notice of whether the 
result will be a circuit diagram or a purchase order. The 
“output” in this example is the answer to the question: 
“Shall the Radio Set be hermetically sealed?” The fol- 
lowing definitions are adopted: 

Yes = 1 No =0 

It is now necessary to assign variables to the various 

controlling conditions. Let: 


W = potted con- (W’ 
struction 

X = finished 

Y = black not black) 

1 riveted unriveted, i.e., screwed) 


the{transmission of the function (1 if “‘ yes,” 0 if “*no’’) 
To clarify the situation, a fourth term should be noted: 
3.2.1.4—Unfinished black aluminum is impossible. 


Specification 3.2.1 may now be reduced to algebra: 
3.2.1.1—If XYZ or X'Y’, then T = 1 (clear aluminum, being 
unfinished, is not black). 

3.2.1.2—If WX’Y’Z or XZ’, then T = 0. 

3.2.1.3—If WX, then T = ¢. 

3.2.1.4—The state X’Y is impossible (T = ¢). 

It is convenient to summarize the algebraic statements 
in an input-output table (Fig. 40) which lists the com- 
binations of states for which T= 1, 0, ¢. The terminology 
which is used is closer to circuit design than to logic. 
The reader is no doubt aware that, logically speaking, this 
represents no change—he may pretend that the subse- 
quent synthesis is for the purpose of designing a “com- 
puter” which solves the problem: “Shall the Radio Set 
be hermetically sealed?” 

Ordinarily there is one input-output table for each 
output of the circuit, or for each different “then” situation 
in a set of specifications. When one output (say, a meter) 
can be connected to different input signals by the logical 
circuit, it is necessary to write an input-output table for 
each possible input-output combination. In the case of a 
gate network, the signal which is present at the output is 
merely a d-c level or a pulse; consequently, only one 
input-output table would be required for each output. 


unpotted) 


unfinished) 


a 
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The Synthesis Map. In order to convert the input- 
output table to a boolean function, and to resolve any 
uncertainties and contradictions, a logical map similar to 
a Karnaugh map (see Part II) is constructed. There will 
be one such map, called a synthesis map, for each input- 
output table. 

Using the rules developed in Part II of this series, a 
“Karnaugh” map is constructed: 1’s, 0’s, and @’s are in- 
serted as required by the input-output table.* The result- 
ing map will most likely have boxes containing more than 
one entry and boxes containing no entries. For the 
imaginary specifications discussed above and the input- 
output table of Fig. 40 the following synthesis map re- 
sults: 

wx 
YZ \00 O1 Tl 
00 |1 |0O 
1 
t) 








01 ) 


"I 1 |1@ 
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RECTIFYING THE SPECIFICATIONS 


A synthesis map should contain precisely one entry in 
each box. The fact that this is not the case in Eq (67) 
indicates certain logical difficulties in the original speci- 
fications. If a logical circuit is being designed, the am- 
biguities and contradictions must be rectified before the 
synthesis can proceed. If the desired end result is a 
revised set of specifications, this clarification will finish 
the analysis. 

e Similar entries in one box indicate a redundancy. 
This need not be eliminated since it may simplify the 
wording, and in fact the similar entries need be made 
only once in a box. 

e An empty box in the synthesis map arises from an 
ambiguity or unspecified set of conditions. This must 
be resolved by amending the specifications. 

e Different entries in the same box are the result of a 
contradiction. This must be resolved by amending the 
specifications, since the contradictory passages require 
different outputs from the same terminal at the same time 
(or different answers to the same question at the same 
time). 

Ambiguities. These appear as unfilled boxes in the 
synthesis map, corresponding to combinations of control 
states which the specifications have failed to consider. 
Thus, in Eq (67) the state W, X¥, Y, Z = 0101 (not 
potted, with a riveted case finished in a color other than 
black) was overlooked. A decision must be made as to 
whether or not the Radio Set shall be hermetically sealed 
under this condition. 

This decision should naturally reflect the intent of the 
original specifications, and results in an amendment to 
them. Frequently the answer is “I don’t care.” This cor- 
responds to the normal tacit assumption that unspecified 
situations are left to the designer’s discretion. Although 
the tacit statement may be adequate, it is wise to know 
precisely where the ambiguities lie. If the ambiguous 
state is to remain unspecified, the corresponding box in 
the synthesis map is filled with a 9. 

Contradictions. Appearing as two or three different 


























*It was mentioned in Part II that a Karnaugh map of more than six variables 
tended to unwieldiness. When more than six controls are involved, one may use 
state coding (Part IV of this series) to reduce the number of variables where pos- 
sible, or else resort to tabular synthesis (Part VI, appearing in the combined 
reprint to be made available upon completion of this series). 
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entries in a box, contradictions are the result of specify- 
ing logically different actions simultaneously. The state 
combinations (boxes) in which they occur must be re- 
examined. In Eq (67) the state W, X, Y, Z = 1001 is 
such a contradiction, resulting from a disagreement be- 
tween specifications 3.2.1.1 and 3.2.1.2 as to whether or 
not hermetical sealing is to be used if the Radio Set is 
potted, riveted and unfinished. A similar clear contradic- 
tion occurs in the state 1111. 

In general, the engineer can resolve contradictions by 
establishing an order of precedence for the specifications. 
If this can not be done, there may be a basic flaw in the 
original requirements which needs clarification. A con- 
tradiction between 1 and ¢, or between 0 and 4, may not 
be serious, although this too must be resolved. If the @ 
entry arose from a “don’t care” statement, the contradic- 
tion can often be safely resolved in favor of 1 or 0. If the 
% represents a “never occurs” situation, there is a strong 
contradiction which will require a change in the original 
specifications. 

Rectification. The synthesis map must be modified 
to have just one entry per box (1, 0, ¢). Having dis- 
covered the above logical difficulties, the designer may 
modify the original specifications to make them both 
complete and consistent. 

In the example under discussion, an examination of 
the specifications reveals no profound discrepancies, and 
they can be suitably revised by means of two amend- 
ments: 

3.2.1.5 Precedence—The order of precedence of Par. 3.2.1 
shall be (3.2.1.4), (3.2.1.2), (3.2.1.1), (3.2.1.3). 

6. NOTES 

6.1—Any unspecified state shall be left to the discretion of 
the vendor. 

The synthesis map which results from the amended speci- 
fications is: 











n|\@ 
10 |¢ @ 


Conclusion. The analysis of specifications has applica- 
tions beyond the requirements of logical circuit design. 
If the reader will refer to the example and the original 
statement of the specifications, he will probably not be 
able to identify the loopholes instantly. The synthesis map 
in actuality describes the specifications in a concise way, 
stating when the answer to a certain question will be 
“yes,” “no” or “don’t care.” The principle involved in 
the logical analysis of specifications is that of rectifying 
the synthesis map; a complete and consistent set of speci- 
fications has a set of synthesis maps containing precisely 
one entry per box.* 


SYNTHESIZING THE BOOLEAN 
FUNCTION 


The result of the above analysis and amendment proc- 
ess is a synthesis map whose entries are l’s, 0’s and @’s. 
The conversion of the synthesis map to a boolean function 
which describes a circuit requires resolving the @ terms. 





: 
1 
0 




















*For various reasons it may sometimes be desirable to leave certain hidden 
ambiguities or contradictions in the specifications; this would be an administrative 
problem rather than a logical one. 
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Each one may be set equal to 0 or 1 at the whim of the 
designer, and a large number of logically distinct Kar- 
naugh maps may result, each of which describes a circuit 
that does the required job. A good choice will go far 
toward minimizing the final circuit. 

Resolving the ¢ Terms. The reader will recall (Part 
II of this series) that a given conventional Karnaugh 
map often has a number of solutions, depending upon 
which grouping of the unit entries is chosen.+ In general 
the simplest algebraic function (not necessarily the 
simplest circuit) can be obtained by forming the largest 
possible groupings, covering each entry of the Karnaugh 
map at least once. In the synthesis map, since the “don’t 
care” terms can be converted to l’s or to 0’s, the object 
is generally to make those choices which convert small 
groupings into larger groupings and which reduce the 
total number of groups required to cover the map.{ 

For the time being, the primary goal will be to mini- 
mize the number of literals in the resulting function. If 
this allows more than one solution with the same number 
of literals, then the one in which there are fewer variables 
and primes will be chosen. For gate circuits, this approach 
usually produces a minimal circuit. However, other cir- 
cuits will generally have different requirements. Thus, for 
a telephone exchange it is wise to build a switching system 
which is capable of growing with an increasing number 
of subscribers, even though this will result in a more 
complex system. For applications such as test consoles, 
or aircraft switching systems, where expansion provisions 
are not equally important, consideration of weight may 
require heavy emphasis upon reduction of literals. If the 
controls have to be transmitted in the form of signals 
over separate wires, the elimination of variables may be 
much more desirable, even at a cost of extra literals. The 
concept of the “best” circuit is thus very much dependent 
upon the nature of the problem. 

To demonstrate the conversion to algebra, we return 
to the specifications and synthesis map discussed above. 
Although they were not intended for a conversion to a 
switching circuit, as far as the logic is concerned this 
fact makes no difference. Equation (68), which defines 
the required input-output characteristics, has six @ terms. 
These must be converted into 1’s or 0’s in a manner 
which yields the simplest function. 

Recalling that groupings of 1, 2, 4 or 8 unit entries are 
sought, with a minimum number of large groupings de- 
sired, the reader may verify that the following two Kar- 
naugh maps, each derived by replacing the @ terms in 
Eq (68), are optimum: 


wx wx 
YZ \00 10 YZ \00 Ol 
] 1 
1 1 
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These Karnaugh maps may be reduced to: 
X"(W' + 2’) + YZ 
X'(W' + 2Z') 4+ XZ 


(69a) 
(70a) 


tThe different solutions to a given Karnaugh map are logically equivalent. The 
different Karnaugh maps derived from a given synthesis map are logically not 
equivalent, yet all satisfy the specifications. 

tIf the synthesis map contains no 9's, then it is merely converted to algebra 
by the methods of Part II. 
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41 A synthesis map can yield a number of solutions, de- 

pending on how the ¢ terms are resolved. Circuits (A) 
and (B) were synthesized from maps (69) and (70) respec- 
tively, which were both derived from map (68). 


A circuit corresponding to Eq (69a) is illustrated in Fig. 
41A; Eq (70a) is represented by Fig. 41B. Both equa- 
tions yield the same number of literals: however, since 
the variable Y has disappeared in the latter equation, it 
is therefore generally preferred. Note that the elimina- 
tion of a variable which appears in the original require- 
ments is entirely possible, provided that the @ terms are 
properly chosen. 


A CASE HISTORY* 


It was a blustery morning when J. P. Falstaff stormed 
into the Engineering Department of the Handy-Dandy 
Slot Machine Company, Inc. shouting, “The coin changer 
is out of nickels again! Do something!” 

This constituted the statement of the problem. 

A nickel was produced, and a design team meeting 
called. It was decided that an intelligent coin changer 
should be designed, one which was capable of making 
logical decisions, to minimize the possibility of running 
out of cash. The result was the following set of specifi- 
cations: 

1. The inputs shall be dimes, or quarters, one at a time. 

2. If a wrong or counterfeit coin is inserted, it shall be 

returned, 

. If a dime is inserted, and there are at least two nickels, it 
shall be collected and two nickels shall be returned; other- 
wise the dime shall be returned. 

. If a quarter is inserted, then the change shall consist of 
two dimes and one nickel, or one dime and three nickels, 
depending upon which is possible and which stack (nickels 
or dimes) is higher. If neither of these change combina- 
tions is possible, five nickels shall be returned. If this is 
also impossible, the quarter shall be returned. 

The above specifications are more complicated than 


one might realize. Not only must the machine sense the 
type of coin inserted, but it must also distinguish between 


*Needless to say, fictional. 
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0, 1, 2 or more dimes, and between 0, 1, 2, 3, 5 or more 
nickels. Moreover, it must compare the number of nickels 
and dimes in the hoppers. This adds up to as many as 17 
variables and 131,072 states, most of which are impos- 
sible. So the engineers decided to simplify their specifi- 
cations to reduce the number of variables involved. This 
could be done without seriously impairing the machine’s 
capabilities by allowing it to sense only a limited number 
of states, as shown below. 

A system block diagram is shown in Fig. 42. Although 
there is a limited amount of logic associated with the 
sorting, comparing and paying units, the central logic 
presents the most significant problems and hence will be 
discussed. The controls of this logic are the dimes and 
quarters inserted into the machine, and the information 
regarding the number of coins in each hopper. The out- 
puts are the collect, reject and change-making signals. 
Let the following symbols apply: 


Q =A quarter has been inserted. 
D = A dime has been inserted. 
N = The number of nickels is greater than or equal to the 
number of dimes. 
Y = There are two or more dimes in the hopper. 
X = There are five or more nickels in the hopper. 
The logical circuit has five outputs. They are: 
a = Collect (a = 0: Reject). 
6 = Release two nickels. 
c = Release two dimes and one _ nickel. 
d = Release one dime and three nickels. 
e = Release five nickels. 
The specifications have been slightly modified by the 
fact that the sensors on the coin stacks determine only: 
1. Which stack is higher. 
2. Whether at least two dimes remain. 
3. Whether at least five nickels remain. 
In terms of the input-output symbols, the simplified 
specs read as follows: 
. DQ is impossible. 
2. If D’Q’, then all outputs are off. 
3. a. If DX, then a and 6 are on, and b,c,e are off. 
b. If DX’, then all outputs are off. 
. a. If QXYN, then a and d are on, the rest being off. 
b. If QXYN’, then a and c are on, the rest being off. 
c. If OXY’, then a and e are on, the rest being off. 
d. If QX'Y’ or QX'Y, then all outputs are off. 
The next step is to construct five input-output tables, 
one for each output, as shown in Fig. 43. From these, five 
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synthesis maps are drawn, each of which states the logical 
requirements of one of the outputs. Since five controls 
are involved ‘D, Q, X, Y, N), each synthesis map is a 
five-variable map with 32 boxes. They are: 


Q=1 
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09 | 09 
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An inspection of Eqs (71) through (75) shows that 
the specifications contain no ambiguities. However, a 
number of contradictions are apparent. Reexamining the 
specifications, one discovers that they arise from forget- 
ting to consider the impossibility of DQ (inserting a dime 
and quarter simultaneously) in specifications 3 and 4. 
This can be corrected by replacing D by DQ’ and Q by 
QD’ in these paragraphs, resolving each contradiction in 
favor of 9. 

These synthesis maps can now be solved by the methods 
presented above. Substituting 1’s and 0’s for the ¢’s in 
an optimum way, the simplest solutions are found to be: 

a: T=X(Q+D) 

b: T=DX 

Cc: 

d: 

e 
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OUTPUT tT! T—0 





DX+QXYN + 
QXYN‘+ QXY’ 


D‘Q‘+ DX’+ 

QX‘Y’+ QX’Y 

D‘Q’+ DX’+ QXYN‘’+ 
DX QXYN+QXY’+ QX‘Y+ 
Qx‘y’ 


D‘Q‘+ DX+DX‘+ 
QYXN‘’+ QXY’+ 
QX‘Y’+ QX’Y 
D‘Q‘+ DX+DX‘+ 
QXYN+QXY‘+ 
QX‘Y'+ QX’Y 
D‘Q’‘+DX+DX‘+ 
QYXN‘+ QXYN+ DQ 
QX’Y’+QX’Y 














QxyY’ 

















43 Input-output table for the five outputs (a, b, c, d, e) 
of the Handy-Dandy Coin Changer “black box” logic. 


The reader should satisfy himself that these five func- 
tions are the simplest possible, and that they perform the 
desired operations. Each function is an expression for 
the transmission of one of five separate two-terminal net- 
works, each network connecting the voltage source to 
one of the outputs. The last step in the design of the logic 
is to translate these functions into a single switching 
circuit (see Fig. 44). Alternatively, they could have been 
translated into a gate circuit having five outputs (Fig. 
45) to produce an electronic coin changer, if desired. 

No sooner had the above circuit diagrams been drawn 
than J. P. hove into view, growling “Don’t want none of 
this electricity stuff in my machines.” Unabashed, the 
design team had only to reinterpret the logical solution 
in terms of levers, and the problem was solved (Fig. 46). 

Thus a vague problem statement has been converted 
into specifications, the specifications analyzed and re- 
duced, and the logical functions written down. These can 
be converted into switching circuits, gate networks, mag- 
netic core networks, mechanical linkages, or even hy- 
draulic plumbing, as required. As an exercise, the reader 
might wish to design a Handy-Dandy Half-Dollar Con- 
version Kit, to change a 50¢ coin in any number of 
different ways. 


CIRCUIT DESIGN CRITERIA 


Throughout this series considerable emphasis has been 
placed on minimizing the number of literals in the 
boolean function. It has been mentioned that this does 
not always guarantee the most desirable circuit, or even 
the simplest circuit. As far as switching circuits are 
concerned, a boolean function always describes a series- 
parallel! network—it can not be used to represent a bridge 
network, delta network, or any other non-series-parallel 
configuration. If the reader will recall Figs. 14 and 15 
(Part I of this series), he will realize that the “reduc- 
tion” of a bridge circuit to a boolean function led to a 
more complicated series-parallel circuit. 

On the other hand, a boolean matrix can be used to 
represent any circuit composed of switches. Hence a 
greater degree of minimization is possible. The end re- 
sult of the synthesis method is basically a boolean func- 
tion, hence a gate network or series-parallel switch 
network. Further effort is required to perform simplifica- 
tion. The synthesized function however, is a good first 
approximation, and will generally yield a minimal circuit. 

Minimal vs Minimum. A minimal circuit or function 
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44 Switching legic for a relay-operated coin changer. 


is not necessarily minimum. The former is the result of 
some particular technique or approach—e.g., a Karnaugh 
map analysis. A minimum circuit is the best which can 
be obtained by any method (short of breaking the second 
law of thermodynamics). 

To illustrate this difference, consider the problem of 
minimizing the length of a trip from New York City to 
Los Angeles. Various minimal routes can be found, one 
by starting on the New York State Thruway, another via 
the Pennsylvania Turnpike, etc. Moreover, one could 
take an airplane, thereby adding another degree of free- 
dom to the solution and arriving at a more minimal 
route. The minimum route from New York to Los Angeles, 
however, is a tunnel through the earth passing about 240 
miles beneath Kansas. 

If literal minimization were the only object of circuit 
synthesis, then the field of logical design would be rela- 
tively easy. However, Nature is unkind, and many other 
factors remain to be considered. The problem of which 


Va 
wae 
_Z& 

PULL TO 
ACTUATE 





4 Mechanical logic for non- 


electric coin changer. 








JULY 1958 


=)Aec- — — iho A T A’ 


“AND” GATE “OR” GATE INVERTER 
45 Gate logic for an electronic coin changer. 


parameter to minimize will vary with the hardware to be 
used and with the auxiliary criteria.* Thus, one might 
wish to minimize the number of literals, the number of 
sets of transfer contacts, relays, additions, negations, or 
even such hybrid expressions as (XY + X’Y’). The 
minimization considered in the previous paragraph in- 
volved the parameter “distance.” On the other hand, if 


*Reliability, cost, weight, volume, maintainability, etc. 
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47 Example of d-c gate circuit minimization by combining 
functions to generate common signals. Complexity K 
is equivalent to the number of ANp and or inputs plus twice 
the number of Not inputs (inverters). See Eqs (76) to (79) 
for boolean manipulations. 


“time” were to have been minimized, a ballistic-missile 
trajectory would probably be minimum. 

Minimization of D-C Gate Networks. Gate net- 
works of the combinational type may be divided into two 
classes: d-c networks and pulse networks.+ Since the elec- 
trical requirements and hardware costs are somewhat dif- 
ferent. their minimization criteria also differ. 

In the case of d-c or static logics, the cost is a func- 
tion of the number of operations (addition, multiplica- 
tion, negation) which the circuit must perform rather 
than the number of literals involved. Literals are repre- 
sented by wires or terminal blocks in a gate network. 
The process of negation is done by transistors, tubes or 
relays. Logical addition can be performed by diode gates, 


tlf there are any feedback paths between outputs and controls, the circuit 
omes sequential; however, many of the remarks made here still apply. 


108 


using one diode per input to each gate. An accurate 
minimization procedure would require fixing a price for 
each type of logical element and minimizing the resulting 
linear cost function. If the cost of each type of circuit 
element is roughly the same, then what must be mini- 
mized is the number of logical operations. 

As a first approach, one may assume that the com- 
plexity of the final diode gate circuit is proportional to 
the number of diodes required. This may be estimated 
from the boolean function by counting the total num- 
ber of parentheses, both implicit and explicit. As part of 
this first approximation, the complexity of a negating 
element may be taken as roughly equivalent to that of a 
two-diode gate. 

The procedure for estimating the complexity K of 

gate network would be approximately as follows: 

Write into the equation all possible parentheses 

(including one pair around each literal). The total 

number of left-hand parentheses, plus twice the number 

of different primes appearing in the equation, equals 

K. If an expression appears twice in the function, its 

complexity K would be evaluated only once; there- 

after in the function the entire expression would be 
counted as one literal. This is illustrated below. 

It might be desired to design a gate network for the 
function of Eq (54) (Part II): 


U'V’ + V'W + UVW' (76) 
Writing in all possible parentheses: 
(UV) +(VOW)) + [((U)Y)(W)] (77) 
For Eq (76), K = 16. (See Fig. 47A.) 
If Eq (76) is factored, the complexity of the function 
is reduced: 


V(U' + W) + UVW’ 
or: (VU) + (W)]} + (COV) CW’) (78) 


For this expression, there are six literals and K = 15; 
the resulting gate network is likely to be less expensive 
(Fig. 47B). Further simplification is possible by increas- 
ing the apparent complexity of the equation, because an 
expression which has been used once may be used re- 
peatedly in the circuit. If a certain expression, such as 
(A+BC’) appears more than once in an equation, in 
either its own form or in the negated form, the gate net- 
work would have to generate it only once. Thus Eq (78) 
could be expanded into: 

V’(U' + W) + VCU’ + Wy’ (79) 
which, because of the common expression (U’+W) has 
a complexity K = 14. This circuit is illustrated in Fig. 
47C. 

As the calculations indicate, the designer of a gate 
network should always be on the lookout for terms which 
can be expressed in the same way, or as negations of 
existing expressions. This is extremely useful in many 
practical gate circuits. If there are @ terms in the synthesis 
map, it may be possible to choose the values of the ¢’s in 
such a way as to make these expressions recur. 

If the available hardware has certain operations which 
it naturally performs, then an entire function might have 
to be considered in terms of successive applications of 
the hardware operation. As illustrated in Part I, the 
operation performed by a dual-control pentode is (XY)’, 
and any boolean function can be expressed in terms of 
successive applications of this operation. It is known to 
logicians as a Sheffer stroke and to logical designers as 
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a NOR gate. For example, the function (U+-VW) can 
be expressed as: 

(UU) (VW) 
and requires three NOR gates. 

Another commercially-available operation which can 
be used to form any function of boolean algebra is the 
NAND circuit (X’Y’).* As the field of static control prog- 
resses, many different types of logical building blocks will 
undoubtedly appear on the market. Functions such as 
(XY+X’'Y’) or (X’Y’+XY’) or (X’YZ+XY'Z') might 
be offered. Some of them will require additional elements 
in order to be of use; with others any boolean expression 
can be written in terms of the one function. The reason 
for the design of these building blocks will probably lie 
in the fact that, while complex mathematically, they may 
have very simple physical interpretations. 

Another consideration for the practical use of diodes 
and other gate circuits is the number of succeeding gates 
which a particular gate must feed. One diode can supply 
only a fixed amount of current. If the diode is too heavily 
loaded the output will not be of the proper voltage, and 
if fed into another gate will have no effect. Thus the 
equal distribution of loads may be a factor to consider 
in the design. Fortunately most packaged logical build- 
ing blocks contain their own isolation amplifiers and 
quantizing networks, making this requirement less 
stringent. 


Pulse Circuit Design Criteria. When dealing with 
pulse circuitry another factor comes into play which 
makes it particularly advantageous not to use the factored 
form of a function. In general, when a boolean function 
in factored form is employed in a circuit design, certain 
literals in the function will have to travel through more 
gates than others. In a pulse network, not only are the 
voltage relations of importance, but the time relations 
are also. This does not mean that all pulse circuits are 
sequential (a sequential network is one in which the 
outputs are fed back as controls). In a pulse network, a 
pulse must not only have the proper voltage, but it must 
arrive at the gate in synchronism with any other pulse 
with which it operates, such as a clock pulse. In the case 
of an AND gate without a clock pulse. the two control 
pulses must arrive simultaneously. If they had been 
formed in different parts of the network, and had passed 
through different numbers of gates, in general they will 
have been delayed by different amounts and will not 
arrive simultaneously. This problem can be solved by 
introducing time delays to compensate for the path 
lengths, but this tends to slow the whole device. An equa- 
tion in the unfactored form will yield the shortest paths 
that the pulses can take, and hence will slow them least. 
Furthermore, the path times for every pulse are the same 
(except for negations). 

Minimization Criteria in Relay Circuits. The most 
important single fact that distinguishes relay circuits from 
switching circuits is the fact that with relays, when a 
contact X is available, the contact X’ or transfer contact 
is usually available also. Each group of contacts on a 
relay is then a three-terminal network with functions 
X and X’. If only one of these were utilized, the other 
could be employed without adding any new contacts to 
the network. The back contacts are supplied without 


*Two other operations from which any boolean function can be formed are 
(XY’) and (X+Y’). The authors are not aware of a name for these operations, 
but judging from past practice, NADN and NORN might be used, respectively. 
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48 In relay circuits, minimization of sets of transfer con- 
tacts is more economical than minimization of contact 
pairs (literals). Boolean expression for circuit (A) has seven 
literals and for circuit (B) eight literals, but latter circuit has 
one fewer transfer set. 


charge. Thus the minimization problem when relays are 
used is not to eliminate literals, but to eliminate sets of 
transfer contacts. It may often be desirable to use not 
the minimal form of the boolean function but a form 
which may even seem redundant, at a saving in the over- 
all number of transfer contacts. For example, consider the 
circuit of Fig. 48A. The algebraic form for this in mini- 
mal form is: 
W + YZ’ + YX + ZX’ 

This has seven literals and five sets of transfer contacts. 
The circuit of Fig. 48B, although its equation contains 
one extra literal, has one less transfer contact. 


Minimizing the Number of Practical Relays. 
Commercially available relays often come equipped with 
no more than four to six sets of transfer contacts. A cir- 
cuit requiring seven such sets on the X relay and two 
on the Y relay might require three six-pole relays. It may, 
however, be possible to add as many as four sets of trans- 
fers to the Y relay, eliminating one set of contacts on 
the X relays and hence one entire relay. The methods by 
which this may be done will be discussed in Part IV in 
the August issue. O00 
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Fig. 1 — Automatic ball 
bearing assembly machine 
incorporating new control- 
equipment design princi- 
ples developed by the 
Sheffield Corporation, Day- 
ton, Ohio. Sliding-panel 
construction and the use 
of plug-in components and 
terminations make possible 
compact arrangement of 
gaging and control appara- 
tus in direct association with 
the machine. 






Gage Modules 
Advance Machine-Control Design 


The refinements and continually widening scope of application of automatic 
gaging are the results of the adoption of precision mechanical, pneumatic 


and electronic elements in combination. Equipping machine tools with in- 





strumentation of the complexity required for modern gaging encounters the 





same problems as in adapting control technology to heavy equipment, in- 





cluding those of conforming to the various design and installation codes 





and practices developed primarily for the latter. The Sheffield Corporation 





of Dayton has evolved solutions to many of the problems common to measure- 





ment and control equipment engineering, and have encountered certain de- 





sign obstacles due to limitations in available materials and components. 














PUT Vn we vee, 
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Fig. 2—Ball bearing assembly machine with the electrical 
system made according to current machine-tool practices, 
generally conforming to JIC standards. Remote location 


“MEASUREMENT” AND “CONTROL” are related almost to 
the point of being synonymous. Dimensional checks must 
intervene between successive steps of fabrication on 
machine tools, especially if these are to be automatic. 
Gaging thus becomes a major key to automation of 
machining operations and no less to subsequent processes 
such as parts classification and segregation, and to sys- 
tems for automatic assembly of parts that must be com- 
bined on the basis of grouping by dimensions, as in ball 
bearings. 

Gaging is a measurement and control function that 
literally permeates the metal-working industry. Automatic 
gaging in particular makes use of precision instruments 
and systems that are essentially “control” in nature and 
derivation. A leader in the development and production 
of gaging devices and systems for use with machine tools 
and similar equipment, the Sheffield Corporation, recog- 
nized for some time that new basic approaches were 
needed for the overall design of assemblies of pneumatic 
and electronic components of gaging systems. The firm 
consequently embarked on a continuing program of de- 
velopment that embraced all classes of gaging equipment, 
ranging from the simple to the extremely complex, and 
concentrated on certain design objectives. The desired 
features that were to be achieved by the new fundamental 
design principles were to be the saving of space, a sys- 
tem of unitized or modular construction, the centralizing 
of all control equipment (including the pneumatic gaging 
elements where possible), lower cost with enhanced 
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of control equipment and multiple interconnections resulted 
from bulk and awkward arrangements that were inescapable 
when using these design principles. 


eter peters 


Fig. 3—Control cabinet with door removed to show some of 
the new design principles. Relays are plug-in and subassembly 
panels slide out for service or complete replacement. 


lll 





Fig. 4—Post-process gage for checking one dimension of a 
bearing race, designed according to traditional practice with 
relay cabinet, pushbutton station and pneumatic gage as sep- 
arate units. 


Fig. 5—Post-process gage for checking one dimen- 
sion, with all control elements in one enclosure. 


reliability and “remove-and-replace” type of maintenance. 


The design of equipment containing sensitive instru- 
ments and entailing numerous electrical connections and 
pneumatic-hydraulic flow lines is marked by ramified 
problems when the application of such devices is to 
heavy machines. Such applications present rigorous me- 
chanical and environmental hazards and requirements 
for accessory apparatus and instruments. Heavy equip- 
ment, such as machine tools, creates additional accessory- 
equipment design limitations deriving from the general 
fact that various codes and established practices devel- 
oped for such machines impose almost insuperable de- 
sign-detail difficulties if the attempt is made to apply 
them to sensitive and complex control circuits and ap- 
paratus. 

There is, for instance, a growing conviction that rigid 
application of JIC requirements to gages, and to control 
equipment in general, can result in unnecessary cost 
and bulk with no corresponding increase in reliability, 


* In considering this dilemma, 


safety or convenience. 
common in the design of controls for machine tools, it 
must be remembered that JIC was originally derived 
with machine tools in mind and 
focused on instrument problems. The basic innovations 
adopted by Sheffield in their design-unification program 
for gage-control systems were made possible only by 
disregarding JIC requirements in certain respects. Pneu- 


attention was not 


matic and electrical components in the same enclosure, 
panel wiring lighter than 14 AWG, insulation less than 
3/,, in., and solder terminals instead of screw types on 
some components are among the important deviations 
from JIC found necessary in the new designs. 


Figure 1 is a typical unified equipment installation 


ste that this statement represents one viewpoint or or of interrelated 

questions that are u constant study and discussion. F a review of the 

background of JI¢ “Control Panel Layout to JI ELECTRICAL 
195 


¢ Standards,’ 
Manuracturtnc, May 1958 


Fig. 6—Control equipment for post-process gage to check two dimensions 
involves simply the combinatio 


of standard modular units. 
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Fig. 7 


In-process caliper gage with all the control components contained in a single standard enclosure (left), and similar 


gage (right) with control equipment housed as necessitated by traditional practic 


made possible by the newly developed design principles. 
and a remotely located control-equipment cabinet made 


according to current machine-tool practices is shown in 


the latter disposition of contro] equipment is obvious. 


g. 2. The bu'k and location-inconvenience entailed in 


The resulting compactness of the new arrangement makes 
it possible, for instance, for the control equipment to be 
associated directly with the controlled machine. In the 
example shown here, there are actually two machines 
together, the larger being an automatic roller-bearing 


assembly machine and the second an inspection unit 
that checks comp'eted bearings. The electrical com- 
ponents for each unit are in one elevated cabinet. These 
include the lights, selector switches and push _ buttons. 
This one cabinet replaces the remote relay cabinet, the 
interconnection box on each machine, the separate push- 
button enclosures, and all the conduit runs between these 
assemblies entailed by conventional practices. The cus- 
tomer gets a machine in one unit requiring no additional 


(Continued on page 258) 


Fig. 8—Compact arrangement of control equipment for the caliper gage “simple system” made possible by plug conections 
(left) and including the pneumatic elements in the same enclosure (right). 
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Polyurethane Coating 
for Electrical Circuits 


JOHN DELMONTE, General Manager 
FurANE Ptastics, Inc. 
Los Angeles, California 


POLYURETHANE RESINS OFFER electrical 
manufacturers coatings which excel in 
resistance to water and water vapor and 
have good adhesion to widely diverse 
surfaces. 

Better known as foamed products, 
the polyurethanes have already been 
introduced to the electrical industry as 
a means of filling space with a low 
density insulator. As a means of rein- 
forcing thin metallic or 
skins, polyurethane foams have dem- 
onstrated their value in lightweight 
structures. 

Thin films of 


nonmetallic 


plastics materials 


behave much differently from thicker 
dielectric counterparts such as solid 
encapsulation materials. 
Moisture and gaseous permeation are 
negligible, but for thin protective films 
measuring up to 6 mils in thickness 
important changes take place. If the 
dielectric is readily permeable to water 


potting or 


vapor the resistivity and dissipation 
factor are apt to be altered appreciably. 
Therefore, the necessity for specifying 
a reliable protective coating is most 
important for many electrical compo- 
nents, whether the coating is part of a 
system for electrical motors or a dip 
coating for printed circuitry. 

{ polyurethane specifically synthe- 
sized for the electrical coating applica- 
tion (identified commercially as Epo- 
cast 20-C) shows absence of marked 
sensitivity to high humidity. Prepared 
from a reaction of di-isocyanates and 
certain poly-ols, a product of good sta- 
bility has been created which lacks the 


Unit dip-coated in polyurethane. It is noted that markings are still legible. Source, 


Furane Plastics, Inc. 
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strong lachrymator tendencies of simi- 


lar chemical products. In developing 
this product for electrical applications, 
it was designed for rapid drying, the 
elapsed time being 30 min. To pene- 


trate the coating surface and to eli- 
minate air pockets from the subassem- 
blies being coated, the mixture of 
polyurethane resin was made very fluid. 

The desired characteristic of major 
importance is that of good adhesion to 
glass, synthetic rubber, ceramics, phe- 
nolic insulation, vinyl insulation, cop- 
per. aluminum and steel. 

The flexibility of thin protective coat- 
ings is most desirable when wide 
differences in thermal expansion must 
be accommodated, a situation not un- 
common in electrical equipment. More 
important is the resiliency after long 
periods of service at 150 to 200 F. The 
innate qualities of the polyurethanes 
are gratifying in this respect. 

Properly synthesized, polyurethane 
coatings exhibit excellent water vapor 
resistance. Test specimens, after pro- 
longed boiling in water or exposure to 
steam pressure, show no blistering or 
lifting from metal surfaces. Still an- 
other characteristic demanded of coat- 
ings for printed circuits is transparency, 
to enable markings and identifications 
to be easily read. Polyurethane coatings 
are adequate in this respect. 

It may become necessary to pot or to 
encapsulate with epoxy the electrical 
circuits or components which have been 
treated with polyurethane. Experience 
reveals good adhesion of epoxies to 
Epocast 20-C polyurethane coating. 
Characteristics of Polyurethane Coating 
Specific gravity ; 0.96 
Viscosity at 75 F 130 cps 
Color Light yellow 
Solids content, per cent. .50 
Storage stability 6 months 
Coverage per coat, 

sq ft/gal 200-300 
Chemical resistance Good 
Maximum service temperature, 

deg F .. 300 F 

On long-time aging, the cured poly- 
urethane films may yellow slightly, 
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although this does not seem to interfere 
with their desirable electrical or mech- 
anical properties. Also, because poly- 
urethane coatings are applied in 
solution form, it is not practical to 
build up thick deposits. 

Although coatings for printed cir- 
cuitry have Ieaned in the direction of 
epoxies, the superior high humidity 
resistance of polyurethane should weigh 
heavily in favor of the latter. The glossy 
coating which is developed not only 
adheres well to copper, lead solders 
and laminated phenolics, but will not 
lift under high humidities. Furthermore, 
at the temperature of soldering, this 
coating will soften sufficiently to permit 
the solder to bond to the metal. 

For exterior as well as interior ex- 
posure, ceramic insulators are benefited 
by a seal coating of polyurethane. 
Droplets of water will form on the 
ceramic insulator without penetration 
as a consequence of the high contact 
angle which water demonstrates to the 
polyurethane surface. 

Phenolic laminates are subject to 
substantial loss in surface electrical 
resistivity when exposed to high hu- 
midities and boiling water. Protected 
with polyurethane coating, the improve- 
ments are substantial as indicated by 
the retention of good surface resistivity. 

The adhesion of polyurethane coat- 
ings to vinyl sicevings is outstanding. 
The exposed vinyl insulated wires may 
be treated and protected with the poly- 
urethane coatings. The bonding with 
epoxy resins, as through encapsulation 
with epoxies, is aided by the ability of 
the connector to withstand vacuum and 
pressure heads. This is markedly im- 
proved through priming with a poly- 
urethane coating. os es 


Drawing 
Standardization Speeds 
Component Selection 


FRED KIRCH, Senior Engineer 
Engineering Standards Section 
Arma Division 

AMERICAN Bosco ArmA CORPORATION 
Garden City N. Y. 


FACED WITH THE NECESSITY of review- 
ing large numbers of somponents for 
possible use in the ICBM inertial guid- 
ance system, the Engineering Stand- 
ards Section of the Arma Division of 
American Bosch Arma Corp. set about 
to determine a procedure which would 
eliminate the customary long delays en- 
countered in ordering copies of speci- 
fication control drawings from a cen- 
tral field. It was necessary to develop 
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Fig. 1—Card with 35 mm reduction of component drawing in aperture gives com- 
plete ordering and specification information for part. 
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Fig. 2—Standard components may be viewed on Reader-Printer machine, from which 
prints for further study or drafting use may be obtained in approximately 6 sec. 


a simple, efficient system through which 
any particular drawing could be viewed 
immediately at any time and additional 
prints of that drawing could be repro- 
duced promptly and as inexpensively 
as possible. 

The first step in setting up the sys- 
tem was to reduce approximately 6000 
component drawings to 35 mm slides. 
The slides were then placed in cate- 
gories according to the Arma data clas- 
sification system for review by com- 
ponent engineers. The latter viewed the 
slides on projectors to eliminate ob- 
solete or unreliable parts, reduce 
duplication and over-lapping of char- 
acteristics, and substitute MIL stand- 
ard parts where practicable. As a result 
of this initial screening operation, the 
number of parts drawings remaining 


active for design purposes was reduced 
to approximately 1100. All other parts 
were made obsolete for present and fu- 
ture design. 

A Filmsort type of aperture card 
(Fig. 1) was then prepared for each 
active part, and the cards were filed, 
first by category and then by drawing 
number. Thus, an engineer desiring 
to examine specification control draw- 
ings in order to select a component 
goes to the card file containing the 
category of parts desired and views 
any one drawing or group of drawings 
on a Minnesota Mining and Manufac- 
turing Co. Reader-Printer (Fig. 2). 
If a print of the drawing is required 
for more detailed examination of the 
part or to prepare a change in the 
original drawing, it can be obtained 
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from the machine in approximately 6 
sec. 


To make the standard component file 


even more widely usable, 8% x 11 
prints obtained from the Reader- 
Printer have been incorporated into a 
Standard Parts Manual for ready ref- 
erence in engineering and manufactur- 
ing sections located apart from the 
Standards Section. OO0OO°O 





Small Commutators 
Plunge-Ground 
on New Lathe 


\ LATHE FOR SMALL ARMATURE WORK 
has been developed by Rivett Lathe and 
Grinder, Inc. of Boston. Plunge-grind- 
ing is employed in the new machine, 
using a Dumore grinding attachment. 
The adaptation of this particular 
method of grinding resulted from the 
difficulties met by one motor manufac- 
turer in sizing commutators using 
standard lathes, because of two nylon 
flanges that protruded on the sides of 
each commutator. In the particular 
armature, the shaft was 114 in. long 
and the commutator width and diameter 
were each 14 in. Because of the small 
dimensions it was impossible to bring 
the normal cutting tool up to the com- 
mutator without striking the shoulders. 
With the new armature lathe, a grind- 
ing wheel the width of the commutator 
is employed. 

Excellent concentricity between bear- 
ings and commutator can be main- 
tained because the armature to be 
ground is held on its own bearing sur- 
faces in carbide V-blocks. The driving- 
arm and motor assembly is canted 


slightly so that the drive belt thrusts 
the armature workpiece against the V- 
blocks for proper location in relation 
to the grinding wheel. The grinding 
spindle is mounted on a slide rest base 
and equipped with screw and dial for 
feeding into the work. es « 


Epoxy Encapsulation of 
Dry-Type Transformer 


P. K. GOETHE, Engineering Manager 
CARL PIAIA, Development Engineer 
Specialty Transformer Department 
WesTINGHOUSE ELEcTRIC CORPORATION 
Greenville, Pennsylvania 


\ BASIC CHANGE IN DESIGN APPROACH 
has resulted in production of a dry- 
type distributor transformer by West- 
inghouse Electric Corporation, Green- 
ville, Ohio, that is 55 per cent smaller 
and 33 per cent lighter than those 
made to date. The core and coils, pre- 
insulated and 
blanket of surrounding air, are now 
completely encapsulated in a_ solid 
sand-and-resin compound. 

General purpose transformers, nor- 
mally used to supply lighting and 
power loads in industrial plants and 


viously cooled by a 


Armature in place on new Rivett lathe in which plunge-grinding is used for 
finishing small commutators. The work is driven by a belt bearing against the 


armature rotor laminations. 
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Cross-sectional view of new Westing- 
house transformer, showing sand-epoxy- 
resin embedment of cere, coils and leads 
in sand-epoxy-resin. 


commercial buildings, are dry-type step- 
down 
secondary distribution circuits of 600 
volts or less. It has been customary 
to use air-cooled and air-insulated de- 
Typical 
consisted of core and coils suspended 


transformers operating from 


sign practices. construction 
by bolts from either case walls, covers. 
or both, requiring elaborate and ex- 
pensive manufacturing procedures. The 
core and coil was usually varnish-im- 
pregnated, providing reasonably good 
protection against moisture. 

An air space surrounded the core 
and coil assembly 
Thickness of this air space greatly 
added to the overall transformer vol- 
ume and, being stagnant, greatly im- 
peded heat transfer from the core and 
coils to the case walls. This required 


within the case. 


use of much more copper and iron in 
the working parts than 
necessary if the air space were not pres- 
ent. The result was a fairly heavy and 
bulky transformer that was difficult to 
handle and mount. 

A development project was initiated 
to make a smaller, lighter, more eco- 
nomical unit having superior perform- 
ance. The design approach was to 
eliminate the air space, replacing it 
with a solid material having good heat 
transfer properties. This had been done 
previously with such compounds as 
silica-filled asphalt. However, the ther- 
moplastic properties of such a com- 
pound raised serious thermal and me- 
chanical problems. Evaluation of some 
thermosetting resins indicated that an 
epoxy resin heavily filled with an elec- 
trical grade of silica sand could be 
used, 

This filling combination, besides hav- 
ing heat transfer properties much su- 
perior to air, was selected because it 
mechanical _ properties, 


would be 


has superior 
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REGULATION 
_and 
STABILITY 


Mode! SC-18-2-M 


*Two units mounted in 


Rack Adapter RA-2 


(TUBELESS) 


TRANSISTORIZED 


SHORT CIRCUIT PROTECTED 


*k VOLTAGE REGULATED 
POWER SUPPLIES 


OUTPUT} OUTPUT | OUTPUT 
VOLTS |AMPERES ——— 


oc oc one 


MODEL 





xc. | 100K 
0-18 


SC-18-0.5 0-0.5|.04 | 4 





SC-18-1 0-18 0-1 |.02 | 2 





0-18 Of {2 } i 





SC-18-4 0-18 0-4 |.005; .05 





SC-36-0.2 0-36 0-0.2}.1 {1.0 





18-36} 0-0.5|.08 | .8 
18-36} 0-1 |.04 





SC-1836-0.5 
SC-1836-1 





SC-1836-2 | 18-36| 0-2 | .02 





SC-3672-0.5| 36-72 -0.5 | .15 





























SC-3672-1 36-72} 0-1 |.08 


Patent Pending 


A 0.01% SERIES IS AVAILABLE IN 13 NEW MODELS 


KEPCO OFFERS MORE THAN 120 STANDARD VOLTAGE REGULATED 
POWER SUPPLIES COVERING A WIDE RANGE OF MAGNETIC, TUBE 
AND TRANSISTOR TYPES. MOST MODELS AVAILABLE FROM STOCK. 

SEND FOR BROCHURE B-585 


KEPCO 


LABORATORIES, INC. 
131-38 SANFORD AVENUE + FLUSHING 55, N.Y. 
INDEPENDENCE 1-7000 
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Model SC-18-4-M 


REGULATION (for line or load) 0.1% or 0.003 Volts 
(whichever is greater) 


RIPPLE: 1 mv. rms. 
RECOVERY TIME 50 microseconds 


STABILITY (for 8 hours) 0.1% or 0.003 Volts 
(whichever is greater) 


TEMPERATURE COEFFICIENT 0.05% per °C. Am- 
bient operating temperature 50°C maximum. Over- 
temperature protection included. Unit turns off when 
over-temperature occurs. 

SHORT CIRCUIT PROTECTION: NO FUSES CIRCUIT 
BREAKERS OR RELAYS! Designed to operate con- 
tinuously into a short circuit. Returns instantly to 
operating voltage when overload is removed. Ideal for 
lighting lamps and charging capacitive loads. 

OVER CURRENT CONTROL can be set from 0 to 
120% of full load. 

REMOTE PROGRAMMING at 1000 ohms per voit. 
REMOTE ERROR SIGNAL SENSING to maintain 
stated regulation directly at load. 

Suitable for square wave pulsed loading. 
Continuously variable output voltage without 
switching. 

Either positive or negative can be grounded. 

Units can be series connected. 


Power requirements: 105-125 volts, 50-65 cycles. 
400 cycle units available. 


Terminations on front and rear of unit. 

High efficiency. Low heat dissipation. 
Compact, light weight for bench or rack use. 
mw Color: grey hammertone. 


ORDERING INFORMATION: 


Units without meters use model numbers indicated in 
table. To include meters add M to the Model No. (e.g. 
SC-18-1-M) and add $30.00 to price. 


*Rack adapter for mounting any two 84%” x 4%” units is 
available. Model No. RA2 is 54%”h x 19” w, is $15.00 
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including good tensile, flexural and im- 
pact strength. It also has a low shrink- 
age during cure, low coefficient of ex- 
pansion, high heat distortion point, an 
ease of use in the manufacturing proc- 
ess and good adhesion to metal parts. 
Use of this filling medium made it pos- 
sible to achieve all the objectives of 
the redesign project, including volume 
reduction, because of reduced core and 
coils size and the resulting reduction 
in air clearances. Even with the addi- 
tion of sand and resin, the elimination 
of expensive copper and magnetic ma- 
terial resulted in an average weight 
reduction of 33 per cent. 

Additional side benefits were also 
achieved in redesigning this line of 
transformers. The complete embed- 
ment of the core and coil in a solid 
block of granite-like resin-and-sand 
mixture provided vastly superior pro- 
tection against moisture, dust, and con- 
taminating atmospheres, in addition to 
reducing the transformer noise level be- 
cause of the inability of magnetic parts 
to move. Thus the mechanical rugged- 


Redesign Cuts 


Generator Bulk 
By a Third 
L. T. LOFORESE 


Chief Engineer, R & D Section 
Sarety Inpustries, INc., 
New Haven, Conn. 


INCREASING ELABORATION OF EQUIPMENT 
and, at the same time, a trend to overall 
weight reduction in railroad passenger 
cars have created the need for smaller 
and lighter under-car generators but 
have stepped up the generator load 
demand. For the clearly demanded re- 
design of the generators. welded con- 
struction of the basic generator struc- 
tural elements was adopted as one 
means of achieving the desired reduc- 
tion in size and weight with no sacrifice 
of generator output. The effectiveness 
of this procedure for a particular re- 
designed under-car generator is indi- 
cated in the table. In addition to 
reducing costs for the users of the 
generators by providing a tzhter and 
more efficient design than has been 
available, the manufacturing costs of 
the equipment have been lowered by 
the new design. 

In the design for a more compact 
unit, the nonmagnetic portion of the 
frame was incorporated in the head, 
Fig. 1. The open construction reduced 
the weight of this section by 73 per cent 
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ness of the transformer was greatly 
improved. 

Tests made under high shock condi- 
tions show that when tested to destruc- 
tion the external mechanical parts will 
give way long before any damage is 
done to the embedded electrical parts. 

Since all internal-lead splicings are 
made below the resin level, they are 
rigidly held in place, eliminating the 
danger of shorts or breaks and aux- 
iliary supports for lead splicings. 

The good adhesion to metal parts 
permitted elimination of most of the 
internal case parts. Only a positioning 
channel welded to the cover is used. 
This has made assembly of the trans- 
formers more adaptable to automated 
manufacturing processes. 

Finally, since it is well known that 
the life of general purpose trans- 
formers is usually limited to the life 
of the coil and wire insulation, ther- 
mal aging of the insulation causes 
brittleness and loss of _ dielectric 
strength due to oxidation. In a sand- 
resin-filled transformer, oxygen is ex- 
cluded, thereby greatly extending the 
life of the embedded insulation. The 
result is an increase in the operating 
life of the transformer. OOoOO 


and at the same time facilitated draw- 
through ventilation for cooling. The 
armature is surface-cooled along its 
outer circumference only to prevent the 
collection of grime on the undersides of 
coils and consequent possible ground- 
ing. Flow of air is from the stand-by 
service a-c motor to the generator, so 


Fig. 1—Welded steel frame of the com- 
mutator head mounts brush rigging. In 
the new design of railroad under-car gen- 
erators, the rotors and stators are de- 
signed and manufactured by The Lincoln 
Electric Co., Cleveland, Ohio. 


that carbon dust is drawn off the gen- 
erator commutator and expelled di- 
rectly to the air instead of being passed 
back along the windings. The fan is 
mounted outboard from the bearings to 
facilitate fan service and to shorten the 
distance between bearings. 

In the a-c motor stator, Fig. 2, the 
steel cage is welded directly to the out- 
side of the core. The motor winding is 
completely epoxy-resin impregnated 
and encapsulated for protection and 
improved heat dissipation. By welding 
the cage to the stator, the cost of turn- 
ing and boring is eliminated; the only 
machining 
facing and piloting the end rings. 

OOO 


operations necessary are 


Comparison of Welded and Cast Construction Motor-Generators 





Cast welded 
design 


New 
Reduction, 


design per cent 





Overall length, in. 


Frame diameter, in. 





Gross weight, lb 


51 14 
16 12 
33 








Fig. 2—Stator for the a-c motor of the new design is welded directly to the core. 
The new welded assembly, left, weighs 66 per cent less than the former cast cone 


struction, right. 
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EVERYTHING UNDER CONTROL. 


GUARDIAN 
kaderstiye 


in electromagnetic control began more than twenty-six years 
ago when Guardian became dedicated to the control of 
maximum power in minimum space. Here you see preferred 
standards of micro-miniature, sub-miniature and miniature 
control of today’s aircraft, missiles and electrical industries. 


a 


Series 1005 Relay 3 Amp Double Pole, Double Throw. Meets or 
: . : surpasses requirements for all specifications 
oo of MIL-R-25018 and MIL-R-5757C. No excep- 
cae tions. Contact Rating: 3 Amps at 125° C. per 
MIL-R-25018; 2 Amps at 125° C. per MIL-R- 
25018 and MIL-R-5757C Hermetically sealed. 

Specify plug-in or solder hooks. 

$590 


each 


Series 2005 Relay in lots of 


latte 1 Thousand 
L. 2%" W. 1%" D. 1%” Series 2005 Sub-Miniature Control rer 


(maximum) 5 Amp 6 Pole, Double Throw. Meets or Chicago, Ill. 
exceeds MIL-R-6106B and MIL-R-5757C. 

Built to withstand 100 G shock. Vibra- 

tion resistance is 10 G minimum from 75 

to 2000 c.p.s. in all mounting planes. 

All contacts rated at 5 Amps 24 to 30 v. 

D.C., resistive load. Operates with volt- 

age variations as low as 16 v. at 25° C., 

ambient. 








Series 1005 Micro-Miniature Control 














Series 3205 Relay 


Series 3205 Miniature Control 
L. 2a” W. 12%” D. 1%.” 


(maximum) 10 Amp 4 Pole, Double Throw aircraft and 

ee missile relay uses same size envelope as 
AN 3304 (4 P.D.T. 3 Amp relay) and is 
approximately the same weight. Designed 
to meet and exceed test requirements of 
MIL-R-6106B, Class B. Meets minimum 
current requirements of military specifi- 
cations. 





Write for circulars giving complete specifications 


GUARDIAN LG] ELECTRIC 


MANUFACTURING COMPAN Y 
1627.H W. WALNUT STREET, ‘‘Everything Under Control’’ CHICAGO 12. ILLINOIS 
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Instrument Analyzes 
Bearing Roughness 


TEST RESULTS that realistically indicate 
usefulness of instrument-size ball bear- 
ings for exacting gyro gimbal, synchro 
and other low torque applications can 
be obtained with the SmoothRator. De- 
veloped by the Barden Corporation, 
Danbury, Conn., for functional testing 
of bearings prior to shipment, the de- 
vice provides an overall check on 
quality by revealing vibrational char- 
acteristics of oil-lubricated, precision 
ball bearings. 


As seen in the illustration, the bear- 
ing is inserted in a flywheel type fixture 
and is spun by hand at approximately 
600 rpm and allowed to coast down to 
300 rpm as indicated visually by the 
stroboscopic effect of the two pitch 
circles of perforations in the flywheel. 
(Axial vibration components are meas- 
ured by the meter at the left through a 
moving diaphragm acting as a capacitor 
type transducer, and an amplifier. Over- 
ali roughness is indicated as a rms 
“dwell” level. 

\ discriminator circuit in the am- 
plifier separates pulse transients caused 
by pits or dirt specks. Such transients 
are amplified to trigger the decade 
counting tube (center). One count is 
the passable limit, two or more dis- 
qualify the bearing. 


Delicate instrument is first wrapped in protective paper (above) and then “floated” 
in compressed, creped cellulose cushioning material (below) for safe, lightweight 


shipping. 


Instrument-size ball bearing being spun 
in SmoothRator fixture to measure axial 
vibration components. 


Cellulose 
Packing Material 
Cuts Shipping Damage 


THE OCCURRENCE OF DAMAGE during 
shipment of delicate industrial control 
instruments recently became a problem 
of concern for engineers at Barber- 
Colman Company, Rockford, Ill. Re- 
peated instances were reported of ship- 
ping damage to the company’s Wheelco 
portable pyrometer, a_high-resistance 
instrument used by processing plants 
for checking temperatures on industrial 
heating equipment. The use of cor- 
rugated fillers and tightly packed ex- 
celsior in the packing did little to 
reduce the damage to the instrument’s 
delicate coils and meter movements. 

The solution to the problem was 
ultimately achieved through the adop- 
tion of a completely different method 
of packaging, involving the use of a 
new, compressed type of cellulose wad- 
ding material. After analyzing the 
various packaging procedures and ex- 
perimenting with the best-known cellu- 
lose cushioning materials, Francis C. 
Pauley. Barber-Colman packaging en- 
gineer, decided on a complete flotation 
method of packaging. Kimpak, a prod- 
uct of Kimberly-Clark Corp., was 
selected as the packing material. 

Flotation is a method of interior 
packaging in which an article is com- 
pletely wrapped with a cushioning ma- 
terial of sufficient thickness so that its 
wrapped shape conforms to the shape 
of the container. The more resilient 
the cushioning material, the better will 
be its performance. 

Kimpak. compressed or in regular 
form. consists of several plies of creped 
cellulose held together by the natural 
cohesion of the creping. As used in the 
pyrometer packing operation, it is 
longitudinally compressed to 1/5 its 
original volume. It can then be ex- 
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When You Need Reliable Control 


of Intermittent Operations... 


LMAEEIEE 4c. LORD aes 
sO amp . 115¥. 60 CY 
20 AMP. - 230¥. 60.C¥. 
TH, ADAMS & WESTLAKE CO © 
ee ae 

















e No intrusion of dust, dirt or moisture—hermeti- 


Set up your requirements for the perfect relay to 

‘““police’”’ a particular job—and beyond doubt you'll 

find yourself with this list of Adlake features: 

e Perfect snap-action—no burning, pitting or sticking 
you need 
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cally sealed at the factory 


e Time delay characteristics fixed and non-adjust- 
able 


@ Quiet. Chatterless. Require no maintenance what- 
wet | heel ever 

Our engineers will gladly help you with your control 

problems. No obligation. Just write the original and 

largest maker of plunger-type relays—The Adams & 

Westlake Company, 1168 N. Michigan, Elkhart, 


Indiana »« New York « Chicago 


the Adams & Westlake Company 


bt orcrtnr new york ELKHART, INDIANA  cnicaco 
Established 1857 
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panded to the density suitable for the 
particular item being packaged. It is 
soft, highly resistant, and will absorb 
up to 16 times its own weight in water. 

The compressed feature of Kimpak 
was a major consideration in its selec- 
tion. Tests showed that maximum pro- 
tection for the pyrometers could be ob- 
tained by using Kimpak expanded to 
approximately three, rather than five, 
times its compressed density. Further 
studies showed that a compressed wad- 
ding material has a tendency to expand 
an inch or so in every direction after 
it has been packed into a carton. Thus 
it was determined that this material 
could fill a greater void with less weight 
and, as a result, effect a reduction in 
the shipping weight of the carton. 

In addition, because the packing ma- 
terial does not “sift” to the bottom of 
the package. it is able to provide pro- 
tection for a shipment until it reaches 
its destination. This is of particular 
importance in the shipment of items, 
particularly replacement parts, to the 
armed services since there are often 
long storage periods before the equip- 
ment is unpacked and used. 

The problem of storage of the pack- 
ing material was also important at 
Barber-Colman. A wadding material in 
its compressed form requires only 1/5 
of the storage space needed for com- 
parable materials that are not com- 
pressed. The ease and speed with 
which this type of cushioning material 
can be used are further advantages. It 
tears easily and uniformly by hand. 

OOO 


Corrosion Problem 
Solved By 
Stainless Steel Pump 


CONTINUOUS HEAVY COPPER PLATING of 


steel conductor wire at the Point 
Breeze Works of Western Electric 
Company, Baltimore, Maryland had 
posed serious corrosion problems in 
handling the extremely corrosive elec- 
trolyte, copper fluoborate. 

To handle these corrosive solutions, 
all parts of the tanks, mixing devices 
and piping were made of various cor- 
rosion-resistant materials. The most 
difficult part, that of pumping the so- 
lutions in and out of the tanks, was 
solved by using a stainless steel pump 
manufactured by the Aurora Pump 
Division, New York Air Bral:e Com- 
pany, Aurora, Illinois. 

All the metallic pump components 
below the base plate are made of cast 
stainless steel, except for the studs and 
nuts, which are made of a correspond- 
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Fig. 1 


Heavy duty vertical sump pumps made of cast stainless steel, mounted ex- 


ternally to storage tanks for circulation of copper fluoborate solution. (Source: 
Aurora Pump Division, New York Air Brake Co.) 


ing grade of wrought stainless steel. 

Since the electrolyte is so highly 
corrosive, type CN-7M and type CF-8M 
(Alloy Casting Institute designations) 
cast stainless alloys were chosen for 
all pump parts in contact with the solu- 
tion. Type CN-7M alloy contains ap- 
proximately 29 per cent nickel, 20 per 
cent chromium, 2 per cent molybde- 
num, 3 per cent copper and a maximum 
of 0.07 per cent carbon. Type CF-8M 
alloy contains about 11 per cent nickel, 
20 per cent chromium, 2.5 per cent 
molybdenum and a maximum of 0.08 
per cent carbon. To avoid intergran- 
ular corrosion, the castings are solu- 
tion heat treated. This consists essen- 
tially of heating the parts to between 
1950 and 2000 F, and then quenching 
in water. 

To successively deposit the metallic 
coatings required to make a complete 
conductor, the wire receives 32 sep- 
arate treatments in nine different chem- 
ical solutions. Of these, six are so 
highly corrosive that the stainless 
steel pumps had to be specially de- 
signed to handle them. 

Out of a battery of six CN-7M 
stainless steel pumps, four are in 
continuous operation circulating cop- 
per fluoborate solution from storage 


tanks to plating cells. These pumps 
are submerged in the storage tanks and 
each pumps 800 gal per min at a 60-ft 
head. Four of the type CF-8M cast 
stainless steel pumps circulate copper 
fluoborate solution during continuous 
filtering and also during intermittent 
solution handling. These pumps are of 
the vertical sump type and are mounted 
external to the storage tanks. deliver- 
ing 50 gal per min at a 125-ft head. 
bo 6 


Fig. 2—Three-blade impeller cast of 
type CN-7M stainless steel alloy. 
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Quality 
products 
start with 


«Jal 


stainless eq .. 
steel wire ea wt 


woven from stainless steel wire. 





Many types of screws are more 
economically formed by cold heading. 


Many types of products are fabricated from 
stainless steel wire. We suggest you consider 
Jones & Laughlin Stainless Steel Wire where 
ease of forming or special corrosion or heat 
resisting properties are required. 


For your particular application or production 
problem, we offer the services of our stainless 
steel specialists. A letter or call will receive 
prompt attention. 


Wire today for your copy of J & L's 
new Stainless Steel Wire Manual. 


BAR ® WIRE * SHEET * STRIP 


Jones & Laughlin Steel Corporation - STAINLESS STEEL DIVISION «© Box 4606, Detroit 34 
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FOR FURTHER INFORMATION on any of the 
items on this and following pages, CIRCLE num- 
bers listed at the end of items on the Reader 
Inquiry Service postcards, pages 17 and 19. 


New 
Components 


and Materials 


A staff compilation of the latest developments 
design-in use in electrically operated end products 


screened for 
complete 


with all released specifications and available application data. 





SILICON JUNCTION ZENER 
REFERENCE ELEMENTS 


Reference elements, designed specifi- 
cally for miniaturized printed circuit 
systems where constant d-c voltage 
must be held under severe environ- 
mental conditions, have low, 8.4 volt 
operating voltage. Suited for use in 
both commercial and military land, sea 
and air equipment operating from d-c 
systems whose voltage level is less than 
starting voltage of gas-filled voltage 
regulator tubes, or about 10 to 30 volts. 

Two basic types: the IN1530 is for 
use in voltage reference applications 
where stability of less than +0.2 per 


cent is required over temperature range 
of —55 to 100 C; the IN1530A element 
is identical to IN1530 except that its 
limit on temperature coefficient of vol- 
tage drop is only one-half that of 
IN1530. Hoffman Electronics Corp., 
Semiconductor Div., 928 Pitner Ave., 
Evanston, Ill. >501 


JAN-TYPE SILICON 
RECTIFIERS 


Designed and manufactured to require- 
ments of MIL-E-1/1084A, MIL-E- 
1/1085A and MIL-E-1083A, rectifiers 


IN538, IN540 and IN547 cover range 
from 200 to 600 volts peak inverse, and 
from 750 ma d-c output at 50 C to 250 
ma d-c output at 150 C. 

Of alloyed junction construction in 
an all-welded hermetically-sealed case. 
they are designed for use in all types of 
military equipment. Meet all military 
requirements for shock, vibration, ac- 


celeration, centrifuging, temperature 
cycling and humidity, can be operated 
successfully at temperatures from —55 
to +165 C and can be stored at from 
-65 to +180 C. General Instrument 
Corp., Automatic Manufacturing Div., 
65 Gouverneur Street, Newark 4, N. J. 
->502 


SMALL 50-WATT TOROIDAL 
TRANSFORMER 


Unit measures only !%i6 x 2%6 x 27% 
in. high, weighs only 13 oz., mounts on 


1 


11546 in. centers. 

Input voltage 115 volts, 400 cycles, 
single-phase; output voltage can be 
from 1 to 1000 volts. Standard units 


synchro 
plate 


supplied for filament use, 
drive, isolation voltage, and 
voltage. 

Temperature range from 
+-100 C. Encapsulated in steel to with- 
stand shock, and hermetically-sealed in 
durable plastic for resistance to hu- 
midity. Meets MIL-E-5272A or MIL- 
T-27A specifications. Arnold Magnetics 
Corp., 4613 W. Jefferson Blvd., Los 
Angeles 16, Calif. ->503 


—55 to 


MINIATURE TRIMMER 
POTENTIOMETERS 


“Trim-Tite” and “Trim-Tite Jr.” trim- 
mers are 1% in. and %¢ in. diam, feature 
aluminum case, stainless steel shaft, 
and precious metal wiper and contacts. 
An “O” ring shaft seal used to seal 
against dust and humidity. Standard 
temperature units rated to 85 C and 
high temperature units to 150 C. 

The Trim-Tite has 3 per cent linearity 
over resistance range up to 50 k. Trim- 
Tite Jr. has same linearity with range 
up to 25 k. Both have dielectric 
strength of 100 volts d-c. Fairchild Con- 
trols Corp., Components Div., 225 Park 
Ave., Hicksville, N. Y. 


(Continued on page 126) 
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A Wide Range of Ratings... Choice of Mounting 
High Efficiency... Low Cost... Prompt Delivery 


"Marzian SILICON RECTIFIERS 
Offer These Advantages — and Many More! 





J 
SERIES 


a) al 
LF SERIES 


HIGH CURRENT 
SERIES 


S : 


TUBE 
REPLACEMENT 
SERIES 
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SPECIFICATIONS 
D. C. Current 

Range .. 1.5A(J-1)—10A(J-2) 
Peak Inverse 

Voltage Range 100V to 400V 


Approx. Rectifier 
Voltage Drop 


Approx. Weight 
(Ounces) 


SPECIFICATIONS 
D. C. Current 
1.5A(L)—5A(LF) 

Peak Inverse 

Voltage Range 100V to 400V 
Approx. Rectifier 

Voltage Drop 
Approx. Weight 

(Ounces) 


SPECIFICATIONS 


D. C. Current 
20A to 200A 

Peak Inverse 

Voltage Range 50V to 400V 
Approx. Rectifier 

Voltage Drop 
Approx. Weight 

(Ounces). . 1.3 oz. to 7.0 oz. 


SPECIFICATIONS 


D. C. Current 
Range. . .25A(HW)—.75A(FW) 


Peak Inverse 
Voltage Range 1600V to 4500V 


Approx. Rectifier 
Voltage Drop 8V to 10V 
Approx. Weight 


(Ounces) 4 oz. to 8 oz. 


LOW CURRENT 
SERIES 


K SERIES 
M SERIES 


— ta = 


HERMETICALLY 
SEALED SERIES 


SM 
SERIES 


Write, wire or. phone for complete information 


SARKES TARZIAN, INC., RECTIFIER DIV., Dept.M3, 415 N. College, Bloomington, Ind. 


In Canada: 700 Weston Rd., Toronto 9, Tel. Rogers 2-7535 © Export: Ad Auriema, Inc., New York City 
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SPECIFICATIONS 
D. C. Current 

Range ..... .15A(M)—.2A(K) 
Peak Inverse 

Voltage Range 
Approx. Rectifier 

Voltage Drop 
Approx. Weight 

(Ounces) 


SPECIFICATIONS 
D. C. Current 

Range ..... -5A(M)—.75A(K) 
Peak Inverse 

Voltage Range 100V to 600V 
Approx. Rectifier 

Voltage Drop 
Approx. Weight 

(Ounces) 


SPECIFICATIONS 


D. C. Current 
.5A to 15A 
Peak Inverse 
Voltage Range . . 50V to 600V 
Approx. Rectifier 
Voltage Drop 
Approx. Weight 
(Ounces).. .15 oz. to 1.5 oz. 


SPECIFICATIONS 
D. C. Current 
-325A to .45A 
Peak Inverse 
Voltage Range 800V to 2800V 


Approx. Rectifier 
Voltage Drop .... 2V to 15V 
Approx. Weight 


(Ounces) .... .3 0z. to .9 oz. 
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Varian 


STRIP 
CHART 


Recorders 


performance, size and price 


OVER 1000 TIMES AS SENSITIVE as galva- 
nometer recorders ... and Varian’s null- 
balance potentiometer needs no power 
from the source being measured. Rugged, 
stable mechanism allows ink or inkless 
recording—easy-to-read rectilinear chart— 
source impedances of up to 100,000 ohms. 


LESS THAN HALF AS WIDE as a standard 
19-inch rack. Two Varian G-11A’s mount 
side by side on a rack panel 10% inches 
high. Or as a portable, the G-11A is an 
easy-to-handle 15 pounds. The G-10 sits 
on less than one square foot; its horizon- 
tal chart is handy for jotting notes. 


MORE VERSATILE AND ADAPTABLE than 
any similar recorder — adjustable zero, 
adjustable span (from 9 to 100 mv on the 
G-11A), multiple chart speeds (up to four 
an the G-11A), and plug-in input chassis 
for different recording requirements. 


PRICES THAT BEGIN AT $340 for the G-10 
and $450 for the G-11A. Because un- 
needed performance costs money, Varian 
has intentionally designed for 1% limit 
of error and 1-second balancing time. 
Thus, Varian provides needed rugged- 
ness, dependability and operating fea- 
tures at moderate cost. 


WRITE TODAY FOR COMPLETE 
SPECIFICATIONS AND STANDARD OPTIONS 
VARIAN associates 


INSTRUMENT DIVISION 
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PRECISION BORE TRAVELING 
WAVE TUBE 


Precision bore traveling wave tubes. 
with inside diameters held to +0.0002 
in., consist of small bore tube _ butt- 
sealed to a short section of large bore 
tube. 

Straightness of tube is held to a max 
bow or camber of +0.003-0.005 in. 


per ft. After sealing operations, inside 
diameters of both tubes center up with 
a max tolerance of +0.002-0.003 in. 

An extremely hard glass with high 
melting point can be used to make tub- 
ing, enabling manufacturers to exhaust 
bake amplifiers at high temperatures 
(to 650 C). Corning Glass Works. 
Corning, N. Y. >505 


INSULATING MATERIAL HAS 
UNUSUAL PROPERTIES 


Enrad I, a form of irradiated polyo- 
lefin, offers improvements over poly- 
ethylene for applications such as coil 
forms, headers, connectors, sockets and 
similar parts. 

Stabilized by irradiation prior to 
molding, Enrad I maintains character- 
istics at temperatures where polyeth- 
ylene materials flow like a liquid. Pro- 
vides good rigidity, high tensile 
strength, form stability to 300 C; has 
good electrical properties even after 
extended exposures to temperatures as 
high as 250 C. 

Material combines the good mechan- 
ical properties of isotactic polyolefins 
with the property stabilization of high 
energy radiation. Enflo Corp., Fellow- 
ship Rd. and Route 73, Maple Shade, 
ae P —>506 


LUMPED CONSTANT 
DELAY LINE 


Model 1D1 virtually eliminates leakage 
flux linkages in cup cores to give an 
unusual figure of merit. Whereas a 12- 
section line formerly had a delay/rise 
time ratio of 8, Model 1D1 has ratio 


of 9.3 for 12 sections. Previously, to 
obtain a 9.3 ratio, 16 sections were 
required. 

Tests indicate a temperature co- 
efficient of 25 ppm per deg C. Normal 
production tolerances on delay are | 
and 2 per cent on characteristic im- 
pedance. Available potted in epoxy resin 
or hermetically-sealed in metal case. 
Digitronics Corp., Albertson Ave.. 


Albertson, L.I., N. Y. >507 


PROXIMITY LIMIT SWITCH 


Built parts or con- 
tacts, switches are designed for operat- 
ing life to be independent of switching 
operations performed. Electrical output 
24 volts d-c at 0.335 amp is adequate to 
drive both Cypak and other static con- 
trol elements and 24-volt d-c relays 
and solenoids. 


without moving 


Consists of two parts: encapsulated 
sensing element measuring approx 2 


x 2 x 14 in. contains an open “C” 
core and 2 windings as elements of 
variable reluctance’ bridge circuit; 
steel-encased control element 
contains a balance circuit, amplifier, 
phase detector, precision flip-flop cir- 
cuit, transistor output amplifier, and 
power supply. Dimensions are approx 
6x 3x 7% in. 

When machine part is 14% in. away 
from sensing element,  snap-action 
switching occurs after 0.015-in. travel. 
Output from control element lags sig- 
nal from sensing element by 0.025 sec. 
Repetitive speed of operation up to 20 
per sec. Westinghouse Electric Corp.. 
Box 2099, Pittsburgh 22, Pa. >508 


sea led 


MINIATURE METALLIZED 
MYLAR CAPACITORS 
Capacitors are designed to save up to 
80 per cent in space requirements 
where reliable performance is needed 
at temperatures of 85, 125 and 150 C. 
Line offers identical capacity and 
voltage as a MIL-C-25A capacitor (85 
C max) at % the size. Working volt- 
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Drink Mixer and Server. ..One Graceful Molding of CYMEL® 


Conceived as both mixer and server of beverages and 
sauces, the new Waring Drink Mixer serves graciously 
anywhere in the home. In accord with the need for style, 
portability and economy, the mixing cavity, motor hous- 
ing, handle and pouring spout are molded in one unit of 
CYMEL 1077 melamine molding compound—familiar to 
consumers in popular MELMAC® dinnerware. This styling 
in CYMEL keeps down size, weight, and cost. CYMEL pro- 
vides insulation, strength, resistance to heat and staining, 
excellent stability, low moisture absorption, permanent 
rich molded-in color and hard surface. 





Two complete one-piece mixer bodies are molded of 
CYMEL in each cycle. Mixing cavities and motor housings 
are formed by cores. Here, mold is open, motor housing 
cores have been automatically retracted, and the two 
mixers are being manually removed from top-cavity 
cores. Molder is Shaw Insulator Company. 


CYMAC® Window on 
Circuit Breaker Contacts 


Aremovable transparent cover through 
which contacts are clearly visible is the 
outstanding feature of a new circuit 
breaker recently introduced by Stand- 
ard Control Division of Westinghouse 
Electric Company. The cover of the 
Saf-T-Vue circuit breaker, which re- 
veals at a glance whether contacts are 
open or closed, is molded of CyMAc 201 
methylstyrene acrylonitrile copolymer, 
which provides necessary transparency, 
heat and break resistance, and surface 
hardness at comparatively low cost. 





— CYANAMID Piastics 
AMERICAN CYANAMID COMPANY and Resins 


PLASTICS AND RESINS DIVISION ; Division 
33D Rockefeller Plaza, New York 20, N. Y. 





In Canada: Cyanamid of Canada Limited, Montreal and Toronto 
Offices in: Boston + Chorlotte + Chicago + Cincinnati + Cleveland + Dallas + Detroit + Los Angeles - New York + Oakiand + Philadelphia - St. Lovis « Seattle 
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/ Two-coil miniature ‘ 
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! interlock relay i 


reduced / 
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TYPE 117 
Designed to meet rigid space requirements, 
this compact two-coil interlock relay takes 
less space than any previously available 
models. A single impulse to one coil will 
mechanically latch it into a closed position 
holding until the second coil is energized and 
mechanically locked into position. Only 1%” 
x 1%” x 26” high... available up to 
DPDT. Contacts are .090” diameter silver, 
palladium, or gold alloy rated up to 3 amps. 
Coil: tested for 1,000 V RMS Breakdown. 
+85°C maximum temperature insulation 
standard. Insulation: NEMA grade XXXP Pheno- 
lic or Melamine. High temperature insulation 
evailable on special order. For complete in- 
formation on this Miniature two-coil interlock 
relay write for descriptive data sheet. 





AEMCO offers a complete line of 
relays in a wide choice of spring 
and coil combinations. operating 
potentials, ond contact ratings. If 
one of hundreds of standard 
AEMCO relay types does not ex- 
actly meet your requirements, we 
will be happy to design and manv- 

© © unit to meet or exceed 
your requirements. 


AEMCO also manufactures o complete line of Se- 
quence and Automatic Re-Set Timers, Time Switches 
and Sign Flashers. 

<<" 


” hr, 


“  WRITETOON* 
Your inquiries are invited. Ask for 
your free copy of Relay Catalog 


ibing oll dord relays in 
the AEMCO line. 4 
= voit 


—— in 


AEM E> INCORPORATED 











61 State St. ¢ Mankato, Minn. 
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ages rated from 100 to 600 volts d-c. 

Available in bathtub and_ tubular 
cases, depending on size. All are her- 
metically-sealed and meet MIL-C-25A 
environmental and life tests. Potter 
Co., 1950 Sheridan Rd., No. Chicago, 


Hl. ->509 


HIGH-TEMPERATURE 
MAGNET WIRE 


“Silotex-N” is said to extend range of 
glass-covered wire from 180 C (AIEE 
Class H) to temperatures ranging from 
220 C (for longtime retention of bond) 
to uses in 500 C systems. 

Has one or more coverings of fiber- 
glass over nickel-plated conductor. 
bonded with silicone resin. Nickel-clad 
copper remains free from scaling at 
temperatures up to 500 C and above. 
For use at 500 C or above, it may be 
wound into a device, and silicone bond 
may be deliberately removed and re- 
placed by an _ inorganic 
cement. 

Silotex-N has good dielectric strength 
even after losing its silicone bond. Can 
be impregnated and baked with all 


binder or 


types of silicone varnishes including. 


those requiring high baking tempera- 
tures and long baking cycles. Anaconda 
Wire & Cable Co., 25 Broadway, New 
York 4, N. Y. >510 


PRECISION PYROCERAM 
BALLS 


Pyroceram balls are as hard as hard- 
ened tool steels and have tensile 
strength comparable to cast iron, brass 
and bronze. At temperature of 2200 F, 
they remain hard. Pyroceram isn’t de- 
formed by heat that warps steel and 
melts copper, and has low coefficient of 
expansion. 

These balls are non-porous and take 
a high lapped finish. Are corrosive 
resistant, unharmed by acid solutions 


that attack steel, aluminum and copper. 
Have good electrical properties even 
at high temperature. While combining 
resistant qualities with unusual 
strength, Pyroceram balls are light as 
aluminum. The Hartford Steel Ball Co.. 
Inc., 12 Jefferson Hartford, 
Conn. >511 


Avenue, 


CARBON BRUSH HOLDERS 
Designed to provide constant pressure 
and uniformity of wear in both a-c and 
d-c motors and generators, holder con- 
sists of one-piece die casting and coiled 
spring with eliminates need for per- 
iodic adjustment of brushes, reduces 
excessive or destructive sparking, min- 
imizing brush and collector ring wear. 
For d-c equipment, holder has easy- 
vision inspection window for determin- 





ing when brush has reached end of 
useful life. When brush rivet appears 
in opening in holder, it is time to re- 
place brush. Pressure automatically 
held constant against commutator at all 
stages of brush wear. General Electric 
Co., Schenectady 5, N. Y. ->512 


BOBBINLESS PRECISION WIRE 
FIXED RESISTORS 

Line of small, modular, permanently 
stable low-temperature-coefhicient bob- 
binless precision wire fixed resistors ex- 
ceeds proposed MIL-R-93B spec. 

Floating element construction firmly 
embeds resistance elements and con- 
tacts in epoxy resin, reducing space 
factor and eliminating wire strain, 
bobbin and winding form. Design flex- 
ibility permits grouping many resistors 
in single unit. High temeprature ex- 
posure and short time overload tests are 
run on all units before shipment (100 
per cent tested). 

Average change under most environ- 
mental conditions and shelf life is only 
0.05 per cent. Five ppm per deg C 
temperature coefficient available, but 
30 ppm per deg C standard for resist- 
ance under 2000 ohms and 20 ppm per 
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GIVE EM 
series A FOR EFFORT 


Compact LAU Series “A" Blowers 
give you 350 to 50,000 c.f.m. 
plus a host of exclusives 


COMPACT —that’s the word for Lau Series “A” blowers. 
Their compact design gives you more c.f.m. from less 
blower space so you'll have greater design freedom in plan- 
ning your equipment. We know from experience (over 27 
years now) what an unhappy compromise an extra inch 
of over-all blower width can mean in the design of heating 
and cooling equipment. That’s why a host of special ad- 
vantages has been designed into Lau Series “A” blowers. 


For instance: Reinforced beading which strengthens 
each scroll side. Or Preslok® Wheels that increase operat- 
ing speed maximums at least 50%. And that’s just the 
start of Lau advantages! Versatile motor mounts give max- 
imum lateral and rotational motor movement. Exclusive 
tripod bearing brackets permit maximum air movement 
with great support stability. And don’t forget Lau designed 
bearings, shafts and pulleys which are recognized leaders. 


On Econo-Pak® and “Budget” versions of Series “‘A” 
blower assemblies, pre-punched scroll sides permit all 4 
discharge angles and housing supports are applicable to 
every discharge angle without adjustments. 

Isn’t it time you benefited from all these advantages? Lau 

Blower Company, 2027 Home 
Ave., Dayton 17, Ohio. Other 
plants in Irwindale, Calif. and 
Kitchener, Ont., Canada. 


Econo-Pak® Blower Assemblies. Series | 
“A” blowers shipped with housing sup- 
ports and motor mounting unassem- 
bled. Shipped in separate cartons or 


“Budget” Blower Units. Series 
“A” blowers less housing sup- 
ports and motor mounting. 
: ! : ' Shipped in separate cartons or 
palletized in units of 24. palletized in units of 24. 


Here's the Man to Call... 


Dearborn, Michigan Kansas City 14, Missouri Seattle 55, Washington 
Do: J. B. Wallace Charles L. Sigman William M. Peistrup 
6422 Glade Avenue 9 Byfield Lane 8906 Holly Avenue 19246 Lago Place 
Cleveland 24, Ohio Denver 2, Colorado Se ge California Syracuse, New York 
Charles C. y! Ben T. Clark R. Mergenthaler Henry Seebach 

1561 Woodrow Avenue 1421 Court Place 15601 Arrow Highway 560 Allen Street 
Cranford, New Jersey Elmwood Park 35, Illinois Prairie Village 15, Kansas ae esngmrente 
E. C. Wolford William J. Lohrey Victor Stewart Humphrey 

11 English Village 2047 77th Avenue 7112 Buena Vista 37 tama Drive 


The BIG Wheel in air moving 
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CHOOSE FROM 


TYPES OF FIBREBOARD 
INSULATION 


PRESSITE 
For Air... Oil... 
Askarel Transformers 








ticles. Excellent dielectric, 
physical and chemical 
properties. Available in” 
- natural kraft color. ‘ 


a ELECTRITE 


Harder Board for 
Variety of Punchings 


DENSITE 
See 


Hard Board 


Also treated with rosin: 
size. Used by many man* 
ufacturers to replace 
more costly types of insu: 
lation. Natural kraft color? 








100% VIRGIN 

KRAFT STOCK GIVES 
HIGH DIELECTRIC 
QUALITY 


These three grades of West Virginia 
Fibreboard are available in a range 
of thicknesses (.031" to .250" for 
PRESSITE and ELECTRITE, .031" 
to .125" for DENSITE). For more 
information, write to: 


WEST VIRGINIA 
PULP AND PAPER 
COMPANY 


Pulp Products Department, y 
230 Park Avenue, 
New York 17, N. Y. 
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deg C resistance of 2000 ohms and 
over, whereas MIL-R-93B permits 75 
and 30 ppm per deg C. Chicago Tele- 
phone Supply Corp. 1142-1232 West 
Beardsley Ave.. Elkhart, Ind. >513 


MICROWAVE RESISTANCE 
CARD MATERIAL 


Base of metal film resistance card is 
fine-weave glass cloth impregnated with 
high-temperature thermosetting — resin 
which meets MIL-P-18177. Resistance 
material is thin film of pure metals, ap- 
proximately 50 millionths of inch thick. 
uniformly deposited on one surface of 
plastic. 

Resistance cards can be punched. 
drilled. sheared, machined and sanded 
with normal care to avoid scratching 
film surface. Max surface temperature 
should be limited to 130 C. 

Standard cards are 5 x 12 in. and 
0.025, 0.032. or 0.062 thick. Resistivity 
range 25 to 750 ohms per square. 
Filmohm Corp., 48 W. 25th St... New 
York 10, N. Y. >514 


LOW LEVEL MAGNETIC 
D-C AMPLIFIER 


The 100C3 features power gain greater 
than 120,000. Input power of only ™% 
pw will drive output to full linear 
scale. Input isolated from output and 
provided in 2 isolated sections which 
can be arranged for common mode 
rejection of over 100 db or used sep- 
rately for summing. 

Supplied in voltage gains of 250. 
500 and 1000. Gain stability of +14 
per cent or better achieved with varia- 


tions in line voltage of +10 per cent 
and frequency of +5 per cent. Re- 
sponse time as low as 0.005 sec, depend- 
ing on associated circuitry. Output 
ripple and noise kept to 10 mv peak to 
peak. 

Designed to meet MIL-E-5272 and 
MIL-T-27. Weight 6.8 0z; size 1% in. 
diam by 4%« in. long. Operates from 
6.3 volts 400 cps, or 115 volts 400 eps. 
California Magnetic Control Corp.., 
11922 Valerio St.. North Hollywood, 
Calif. >515 


SAMPLE-HOLD MULTIPLEXER 


Model EM-51S time multiplexes 5 
separate voltage inputs to single volt- 
age output. Several of these can be 
interconnected to produce single volt- 
age output. 

Unit is directly compatible with, and 


designed for company’s high-speed 


DATRAC voltage-to-digital converters. 
primary building blocks in data control 
systems. Sample-and-hold 
makes possible simultaneous sampling 
within 0.2 psec. 


feature 


Max multiplexing rate from channel 
to channel 25 ke. Standard input volt- 
age range +10 volts. Transfer accuracy 
from voltage input to voltage output 
+0.05 per cent of full scale; full-scale 
output voltage range +10 volts. Oc- 
cupies 1534 in. of panel space in stand- 
ard 19 in. relay rack. Epsco, Inc., 588 
Commonwealth Avenue, Boston 15, 


Mass. >516 


INFINITELY VARIABLE 
SPEED DRIVE 


Designed around eddy-current principle, 
the MARVEX drive is available in 4 
drip-proof models in 6 different sizes. 
Models include a separate controlled- 
slip coupling and various combinations 
to serve as (a) variable-speed gear- 
motor, (b) variable-speed motor, and 
(c) special unit for integral mounting 
of speed reducers. Will handle motors 
up to 150 hp at 1750 rpm. Max torque 
transmittal is 450 ft-lb. 

Unit provides an infinitely variable- 
speed drive from a _ constant-speed 
source and eliminates motor-generator 
sets. Since there is no mechanical con- 
nection between prime mover and load, 
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*NO CONTACT OPENING 


New P«B crystal-case size relays, 
the SC and the SL (magnetic latch- 
ing), show amazing shock and vibra- 
tion capabilities. They absorb shocks 
of 100g and vibrations 30g to 2000 
cps. without contact openings! 

A highly efficient magnetic struc- 
ture utilizing a permanent magnet 
makes possible at least twice the con- 
tact pressure found in DPDT relays 
of comparable size. One watt of power 
for three milliseconds operates either 
relay. Transfer time is unusually fast 
—0.5 milliseconds maximum. 

For more information, contact your 
P&B sales engineer, or write Potter 
& Brumfield, Princeton, Indiana. 


























| | 
ed | {nd 
Ne ene 
SL—dual coil latching relay. Operates on a 1 
watt, 3 ms. pulse at nominal voltage. Permanent 
magnet latch locks the armature in either position. 
$C—non-latching relay with series-connected 
dual coils. Operates on approximately | watt at 
nominal voltage. Coils must remain energized to 
hold the armature in the operate position. 


SC and SL Series Engineering Data 
GENERAL: 

Insulation Resistance: 10,000 megohms, min. 
Breakdown Voltage: 1,000 V. RMS. 

Shock: 100g. 


Vibration: 30g 55 to 2000 cps.; 0.195” max. 
excursions from 10-55 cps. 

Temperature Range: —65° C. to + 125° C. 

Weight: 15 grams without mounting bracket. 

Operate Time: 3 MS. max. with 550 ohm coil 
@ 24 V. DC. (SL: 630 ohm coil at 24 V. DC). 

Transfer Time: 0.5 MS max. 

Terminals: (1) Plug-in for microminiature 
receptacle of printed circuit board. 
(2) Hook end solder for 2 #24 AWG wires. 
(3) 3” flexible leads. 

Enclosure: Hermetically sealed. 

CONTACTS: 

Arrangement: 2 Form C. 

Material: Gold flashed palladium. 

Load: 2 amps @ 28 V. DC, resistive; 1 amp 
@ 115 V. 60 cycles AC, resistive. 

Pressure: SC —16 grams min.; SL—20 grams min. 

col: 

Power: Approx. 1.0 watt at Nominal Voltage. 

Resistance: SL—40 to 1400 ohms; SC—35 
to 1250 ohms. 

Duty: Continuous. 

MOUNTINGS: 
Bracket, stud and plug-in. 


PaB STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR 


POTTER & BRUMEIELD ING. 


PRINCETON, INDIANA + SUBSIDIARY OF AMERICAN MACHINE & FOUNDRY COMPANY 
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Speed Production... 
Lower Assembly Costs 
with this New Symmetrical 
Feed-Thru Capacitor* 


patents pending 


2X MAGNIFICATION 


ACTUAL SIZE 


4 4 = 


Centzalab.. New DA-741 Hi-Kap,” 


the feed-thru you can’t putin wrong 


. can be inserted from either end . . . a natural for 


machine insertion or other types of automation my 
. te 


. embodies a new metalizing technique that com-  _— se! 
pletely eliminates capacitance drop-off, silver H ' 
migration, and silver burn-off during soldering 
operations 


. will withstand soldering temperatures of 450°F for 
two minutes 


. has a solder fillet around center ring eliminating 
neea for solder preforms 


. rugged 16 gauge tinned wire lead assures positive 
connections 
SPECIFICATIONS: 
Capacitance: Available in values up to 1,000 mmf. 
GMV 


Power Factor: 3% maximum, measured at 1KC 


Voltage: 500 VDCW, 1300 VDCT; special units 
can be supplied for 900 V RMS test 


HOLE 2-1 Mp 
TYPE DA 740 


DA-740, with same electrical characteristics but without solder 
fillet or leads, can also be supplied. 


For details wr'te for Centralab Engineering Bulletin No. 
EP-556. For the most complete line of ceramic capacitors in 
the industry see your Centralab distributor. 


A DIVISION OF GLOBE-UNION, INC. 
9626 E. KEEFE AVE. «© MILWAUKEE 1, WIS. 
In Canada: 804 Mt. Pleasant Rd. ¢ Toronto, Ontario 


VARIABLE RESISTORS © 
CERAMIC CAPACITORS © 


PACKAGED ELECTRONIC CIRCUITS @ 
ENGINEERED CERAMICS @ 


ELECTRONIC SWITCHES 
SEMI-CONDUCTOR PRODUCTS 
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Detroit 12, 


| (fully 


| temper allows easy material flow for 


| bury, Conn. 


| to permit 





unit is shock-proof, the only coupling 
being a magnetic field. 

Applications include: drives for fans, 
pumps, 
chines, 


extrusion 
and 


ma- 
machines 


compressors, 


punch presses 


| requiring rapid and frequent reversal. 


Cone Drive Gears, Div. of Michigan 
Tool Co., 7171 E. MeNichols Rd., 
Mich. >517 


| HIGH CONDUCTIVITY 
| BRONZE ALLOY 


| Alloy said to have about 5 times elec- 


trical conductivity of those now being 
used for high strength, high corrosion 
resistance applications. 

Silnic Bronze, a nickel-silicon-bronze 
alloy, has combination of high electrical 
conductivity with high yield strength 
and corrosion resistance, maintains 
these properties at elevated tempera- 
tures. 

Can be obtained in 3 tempers: soft, 
cold-forming (heat-treatable), and hard 
heat treated). Cold-forming 


fabricating parts requiring severe cold 


| working. Subsequent age hardening at 
| 900 F for 90 min gives alloy its final 


desired properties without scaling. 
Composed of 97.5 copper, 1.9 nickel 
and 0.6 per cent silicon. Chase Brass 
& Copper Co., 236 Grand St., Water- 
>518 


MINIATURE SOLENOID 
VALVES 


| Line of stainless steel valves is avail- 
| able in 2- and 3-way, NO and NC types, 


with pressure range from 0 to 400 psi. 

Features include magnetic structure 
greater flow of fluid and 
higher pressure ratings. Soft, synthetic 
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Get unusual corrosion resistance, plus high strength, 
toughness, weldability, and easy fabrication with 
Everdur,’ Anaconda copper-silicon alloys 


TANKS AND INDUSTRIAL EQUIPMENT requiring a combi- 
nation of high strength, toughness and resistance to corro- 
sion. Hot water storage heaters and tanks, unfired pressure 
vessels of Everdur are readily fabricated by welding. 


ELECTRICAL CONDUIT of Everdur protects electric lines in 
corrosive environments, withstands vibration and abrasion 
—at oil refineries, in underwater tunnels (above), chemical 
plants. Made in two wall thicknesses—R.C. and E.M.T. 


Whenever you have a tough problem calling for high 
strength with immunity to rust, and corrosion resistance 
equivalent to pure copper, consider an Everdur alloy. 
It may save you a lot of trouble and money. For de- 
tails on properties and applications of Everdur alloys, 
write for Publication E-5. Address: The American 
Brass Company, Waterbury 20, Conn. In Canada: 
Anaconda American Brass Ltd., New Toronto, Ont. ss 
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IN WATER AND WASTE SYSTEMS, Everdur alloys provide 
easy fabrication and long service in a wide variety ot jobs— 
from gates on to bolts and nuts, Their high strength makes 
possible lightweight, built-up assemblies of wrought metal. 


FASTENINGS AND SCREW MACHINE PARTS. Everdur is 
available in forms for hot heading and forging of bolts and 
accessories, severe cold-working operations for bolts and 
screws—and as free-cutting rod for screw machine products. 


EVERDUR 


COPPER-SILICON ALLOYS 


products of 


Made by The American Brass Company 
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Two 120 kv de power supplies at Eitel McCullough, 
Inc. Tubes, transformers, and vacuum circuit break- 
ers ore immersed in oil to reduce space required. 


era grown 


WEST’S LARGEST DC POWER SUPPLY 
PROTECTED BY JENNINGS VACUUM RELAYS 


This huge 240 kv de power supply was built by Eimac to operate 
their large X626 Klystron tubes under test. During the processing of these 
tubes severe overvoltages are applied to insure thorough evacuation. The 
tube is protected from excessive arcing by Jennings fast acting overload 
circuit breakers. 

Jennings overcurrent relays and vacuum switches are used in the 
secondaries wired for three phase simultaneous operation. Vacuum 
switches are also used for time delay back up protection in the 4160 
primaries, to short out current limiting inductors, and to transfer the dc 
output for series or parallel operation. 

Qualifications that made Jennings Overload Circuit Breakers the 
unanimous choice of Eimacs engineers are: 


+ High Speed Operation. One-half to one cycle interruption in- 

cluding mechanical operate time. 

+ High Voltage Use. Two type R9G vacuum switches in series 
require only 5/32 inch contact opening to interrupt 90 kv rms 
in this application. 


Maintenance Free. Contacts sealed in a vocuum require no main- 
tenance during the life of the switch. 


+ Non-explosive and Non-toxic. Vacuum switches provide maxi- 
mum safety to operating personnel. 


Jennings Vacuum Circuit Breakers provide fast, reliable protection 
for de power supplies when used in the primaries, the secondaries, or 
directly in the de line. Write for catalog literature describing Jennings 
complete line of vacuum switches. 


‘ 
EMMI 1: 
= RADIO“ aoe eee tee HO Coe er eee 


Complete Overload Circuit Breaker Units are 
available composed of high voltage instan- 
taneous trip overcurrent relay, a N/O vacu- 
um relay, and a control box, any of which 
may be purchased separately. 
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| plunger insert and welded joints pre- 


vent leakage in valves. Installation can 
be made in any position because of 
design of spring-loaded plunger. 
Maintenance minimized due to pack- 
less construction and only 2 moving 


| parts. Allied Control Co., Inc., Valve 


Div., 2 East End Avenue, New York, 
N. Y. >519 


MINIATURIZED VANEAXIAL 


BLOWERS 


Vaneaxial fans, furnished in wide 
variety of housing shapes, sizes, flange 
designs, finishes and mounting arrange- 


| ments, include both single-stage and 


2-stage units. All are direct-drive with 
integral electric motor. 
Single-stage unit (top) designed for 


cooling electronic equipment and _in- 
flating radomes. Rated at 7% hp at 5600 
rpm, 11 x 11%4 in. package delivers 
700 cfm of air at 4.0 w.g. static pres- 
sure. 

Two-stage 2'4 hp blower (bottom) 
designed for cooling magnetron tubes 
in radar sets. Although only 11% 
in. long by 1414 in. diam, unit can de- 
liver 400 cfm at 19.0 in. w.g. static 


| pressure. American-Standard, American 


| Blower Div.. Detroit 32, Mich. 520 


ANTI-VIBRATION SPRING 


| WASHERS 

| Non-slip “Sawtooth Belleville Washer” 
| not only serves in static loads where 
| spring action is required, but also 


provides a non-slip, anti-vibration fac- 
ility in dynamic loads wherein load is 
being exerted in several directions. 
New design of teeth on edge of 
washer prevents slippage, thus taking 


| care of dynamic load. 


Suited for use in electronic, appli- 


| ance, aviation and associated industries. 
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Geto 
ITS 


Wolds 
Largest Selection uf 
LUBRICATING DEVICES 


Oil HOLE 
COVERS 


Style L — No. 1204 
Brass Elbow (Threaded) 


GEAR CASE GAUGES 


Screw mounted, to set flush. 
Glass port is backed with white 
enameled reflector, to make oil 
level (in gear case or transmis- 
sion) readily visible, even in 
dim light. Style CW — No. 4032. 


SIGHT 
GRAVITY 
FEED 
OILERS 


Rate of oil 
flow regulat- 
ed by needle 
valve, direct- 

ly observed 

through sight 

glass in stem. 

Shut-off knob does not affect 

needle valve adjustment. Visi- 

ble oil supply. Non-breakable. 

Tops in convenience and de- 

pendability, at low cost. Style 
NFU—No. 3602-A. 


SIGHT GAUGES 

For use where rate of 
oil flow must be reg- 
ulated to suit changing 
operating conditions. 
Needle 
valve 

sj permits 
extremely 
accurate 
adjustment 

of oil feed. 

Sight glass provides 
direct observation of 
rate of oil flow. Accu- 
racy and convenience 


LUBRIKIT ... An assortment 
of 95 oil cups of 29 different 
types. Gits sales records 
show these oilers are most 
used for replacement and | 
maintenance. Contents of 
each separate bin are 
clearly described on Inside ™s 
Cover. < 
Special pe Price i/o 
Just $1425 F.0.8. Factory a, 
Satisfaction or your money back ==> 


> - 
“Rss =. 
Le ea sy 





This oil gauge plug permits in- 
stant checking of oil level within 
a transmission or gear case. For 
use where construction permits 
insertion in tapped hole. A val- 
uable addition to any such 
equipment — at very low cost. 
Style BW—No. 4042. 


Don't price yourself out of the mar- 
ket. When you design proper lubri- 
cation into your equipment, specify 
GITS Lubricating Devices—the wid- 
est selection available anywhere. 
The items pictured above are only a 
few of our many thousands of lubri- 
cating devices. At the design stage, 
get the GITS story. Free Engineering 
Service. Send NOW for your free 
Catalog. 


G1Ts BROS. MFG. Co. 


The Standard For Industry For Almost Half A Century 





1840 South Kilbourn Avenue 
Chicago 23, Illinois 


Clip this poge for handy “rough reference” 
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94 SERIES 


both with POKEHOME contacts! 


* 
U. S. PATENT 2,419,018 














Made of high carbon steel heat 
treated, and in following metals: low 
carbon steel, stainless steel, bronze and 
aluminum. George K. Garrett Co., Inc., 
Torresdale Ave. at Tolbut St., Phila- 
delphia 36, Pa. >521 


STEEL FOR HIGH- 
FREQUENCY EQUIPMENT 
Silectron Special Grade strip, 0.004-in. 
gauge, is designed for applications 
where high permeability and low ex- 


| citing current are essential at high 


inductions. 

Strip is a C-10 coated, cold-rolled, 
oriented strip with best magnetic prop- 
erties parallel to the rolling direction. 
After fabrication, Silectron Special 
Grade is given special stress relief 
annealing in a non-oxidizing, non-car- 
burizing, forming gas atmosphere. Alle- 
gheny Ludlum Steel Corp., Oliver Bldg.. 


Pittsburgh 22, Pa. 


LONG-INTERVAL TIME- 
DELAY RELAYS 
| Transistorized circuitry with RC net- 


| work permits intervals from 50 millisec 
| to several hours. Line includes delayed 


pull-in, delayed drop-out and _ pulse 
types, all with nominal accuracy of 
+10 per cent. 

Minimal package measures 1.5 cu in. 
and weighs 3 oz. Voltage ranges are 
14 to 32 volts d-c or 24 to 220 volts 
a-c. Units withstand temperatures from 
—55 to +71 C or —55 to +125 C, 
meet shock and vibration requirements 
of MIL-E-005272B, Procedure II ex- 


tended. Various types of mountings and 


| connections available. Jordan  Elec- 
| tronics, Div. of The Victoreen Instru- 


ment Co., 3025 W. Mission Rd.. Al- 
hambra, Calif. 


(Continued on page 138) 
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EPON RESINS 
... preferred for potting 





If potting, laminating, sealing or encapsulation 
are factors in your operation, you should 
investigate Epon resins. Because they provide a 
unique combination of desired electrical and 
physical properties, they are finding increased 
use in many phases of the electrical industry. 

Potting and Encapsulation . . . Epon resins 
offer remarkable adhesive properties, forming -_ . 
strong bonds to metals and glass, and creating These miniature electronic components 
airtight enclosures for sensitive components potted in Epon resin will withstand solder 

bath temperatures and retain excellent di- 

and vacuum tubes. mensional stability. 

Sealing . . . Epon resin-based compounds are 
ideal for moisture sealing even at elevated 
temperatures. 














Laminating . . . Epon resin, laid up with inert 
fibrous fillers, produces laminates with superior 
dielectric properties and moisture resistance. 
Epon resin laminates can be dip soldered, 
sheared, punched and drilled, and provide 
excellent dimensional stability. 











And, solvent-free Epon resin adhesive Secti f s lif . 
formulations . . . between glass, metal, or ca hag ag amplifier coils, when 
plastic . . . cure at room temperature with : ee eee ay Cee ee 
foreseen or calmasa ibid resistance to solvents and chemicals 

Can Epon resins solve a production 
problem for you? For assistance and 
technical literature, write us now. 


SHELL CHEMICAL CORPORATION 
CHEMICAL SALES DIVISION 


Atlanta * Boston * Chicago * Clevelond + Detroit * Houston * Los Angeles * Newark * New York « San Francisco © St. Louis 
IN CANADA: Chemical Division, Shell Oil Company of Conada, Limited, Monireal « Toronto * Voncouver 


JULY 1958 Circle 148 on page 17 





Victoreen Company has ordered over 100,000 
New Phaostron PRESTIGE Panel Meters to be used 
in their equipment in 1958. 


NEW PHAOSTRON 


PRESTIGE 


PANEL METERS 


MODERN DESIGN 
NEW RINGCOR MOVEMENT 
SHALLOW MOUNT 
HIGH VISIBILITY 
MU URL CUMELL EE avaiable in: 


24” Round - 342” Round - 242” Rectangular 
34” Rectangular - 442” Rectanguiar 


The new Phaostron Prestige Panel Meters provide shield- FEATURES: 
ing from magnetic fields. Simplified Ringcor Movement _—_ Colors: Metallic or pastel. Permanent 
and structural improvement insures consistent accuracy, Accuracy: Within 2% D.C. or 39 


° 
rectified A.C. Insulated Zero Adjustment. 


long life. Precision cast elements for increased mechan- uarne Clear Seales: Fer easy reading. 
ical stability. Prestige meters have shock mounted jewels, Longer Scales: For close tolerance 
ground and polished pivots. Meters can be mounted on reading. Jewels: Shock mounted 
magnetic or non-magnetic panels without recalibration. embpen ete t shed. Movement: 
Colors are available in your choice of combinations for é 

scale and case. 


PHAOSTRON Instrument & Electronic Co. © DULY S WY) 


151 Pasadena Avenue, South Pasadena, California 
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NEW GATE-FOLD INSERT 
SPEEDS INQUIRY CHECKING! 


























Here’s a new way to use the ELECTRICAL 
MANUFACTURING Reader Inquiry post cards on 
pages 17-20. Simply pull out the folded insert 
so that the numbered post cards overhang the 
left side of magazine. Keep the insert spread 
out as you page through the issue. Circle the 
items you want as you go along. Try it! You'll 
find it a real time-saver . . . also can serve 
as a handy book-mark. 


MINIATURE TOGGLE 
TENSION LATCH 
Miniaturized latch Model 30L is de- 
signed for use on airborne equipment 
boxes and similar closures requiring 
minimum latch clearance and lightest 
possible weight. 

Requires only *%ig in. envelope for 


engagement and take-up. Has ultimate 
strength of 150 Ib. Shallow envelope 
permits almost face-to-face storage of 
equipment. 

Latch actuated by a lift-lever and 
permanently mounted by means of alu- 
minum spot-welding. Provision made 
for safety wire. Camloc Fastener Corp.. 
53 Spring Valley Road, Paramus, New 


Jersey. >523 


WIRE MESH HEATING 
ELEMENT 

Wire mesh surface heating element has 
design that enables it to be “self- 
mending” in case of damage to ele- 
ment. Heart of element made up of 36 
wires per in. of heater width in parallel 


circuit, giving heat source every 0.028 
in. 

In addition to 36 parallel wires, 
another continuous-strand wire _ is 
looped and interwoven 30 times per 
in. perpendicular to current flow. This 
distributes current flow from one or 
more of parallel circuit wires around 
damaged area: element is thus self 
mending. Interwoven with high-tem- 
perature-resistant glass or ceramic 
fibers for necessary strength. Electro- 
film, Inc., P. O. Box 106, No. Holly- 
wood, Calif. ->524 


FLOATING SHAFT COUPLING 
Coupling style CE in miniature sizes is 
held concentric by disk rings at both 
ends. Extended distance between disk 
rings permits more misalignment ca- 
pacity than when disk rings are close 
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For 
Longer 
Service 


Life... 


Specify 


Mallory 


Motor Start and Run 


Capacitors 


Maxtory —pioneer in capacitors—manufactures a complete line of dependable 
motor start and motor run units for every standard requirement. 


Newest cost-saving additions to the line are Mallory motor start capacitors featuring 
a built-in bleeder resistor, deposited on the top plate between the terminals. . . and 
oil filled motor run capacitors in new ratings of 150 and 175VAC, which make 
possible reduced run capacitor costs. 


Mallory Electrolytic Motor Start and Paper Dielectric Motor Run Capacitors are 
extremely dependable. They offer longer service life and indefinite shelf life... 
feature moisture-proof construction ...and offer a complete selection of capacity 
and voltage ratings and physical sizes. 


The Mallory Representative will be glad to supply any required data, or arrange for 
an application engineering discussion to help meet your specific needs. 


Expect more...get more from 





Serving Industry with These Products: 


Elect hani — Resist ° i . i i i ae 
ectromec on cal esis wes Switches Tuning Devices * Vibrators PR MALLORY &CO Inc 
Electrochemical — Capacitors * Mercury and Zinc-Carbon Batteries ’ 


Metallurgical — Contacts « Special Metals * Welding Materials ' A L j O a 
Parts distributors in all major cities stock Mallory . 


standard components for your convenience. 





P. R. MALLORY & CO. Inc INDIANAPOLIS 6, INDIANA 
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together. Shafts may be either solid or 
tubular. 

Can be used with semi-floating type 
couplings to make long power trans- 
mission shafts with minimum of bear- 
ings. Also provides a method of 
clearing obstructions when 2 drives are 
close together; one can be coupled with 
standard length coupling and _ other 
with floating shaft coupling which will 
stagger driving units and save space. 
Thomas Flexible Coupling Co., War- 
ren, Pa. 525 


METAL FABRIC 
Metal “fabric” is made by embossing 
color and texture on almost any metal 
to simulate cloth woven with threads 
of gold and silver. Named CRO- 
WEAVE, material offers attractive 
qualities of fabrics without inherent 
That’s all it takes now, with this Chatillon Running Torque risks of soilage, punctures, tearing and 
Tester and Dynamometer. This specific model was designed for fading. Material is wholly metal. 
a manufacturer of fractional H.P. motors who wanted to be mine fer = oe “ 
able to test them coming off the production line at the rate of perseiperodyy Mi, agree) coxesinc'y veapiiatte 


: ‘ ance trim. Can be perforated for sound, 
one every nine seconds— using only one operator. . . -— : 
. air, or light transmission. Croname. 


Ten different models of Running Torque Testers and Dyna- Inc., 3701 N. Ravenswood Ave., Chicago 
mometers of varying capacities are available—engineered and 13, Il. 526 
designed for precision accuracy to fit your individual fractional 


H.P. testing needs. HEAVY-DUTY STEP SWITCH 


Switch includes optional feature of a 
rotary tap switch for use with indicator 
circuits and/or interlock sequence con- 


Features of Chatillon Running 

Torque Testers and Dynamometers 

for testing fractional H.P. motors: ase 

RANGES 1” ounce to 320” Ibs. MT Series is available with 2 to 20 

CAPACITIES Up to 10,000 RPM. independent 10 amp circuits. Driven by 

POWER DISSIPATION | rotary a-c solenoid at speeds up to 300 
Continuous _ ...... .04HP to .2HP | steps per min. Up to 16 steps per 
% hour ......... O4HP to 4HP cycle are available with each circuit 


BS malantes —. LEP to SUP closed for one or more steps, depending 
TORQUE ACCURACY upon cam breakouts. 


¥% or % of 1% of full load de- . : 
i ve! s sizes: -om- 
uliaenenseaiiion, Comes in 2 frame sizes: one acc 


: modates 2 to 12 total circuits; the 
La. | other 13 to 20 total circuits. Overall 


length 8% in. and 1234 in.; height 7 
THERMOSTATICALLY protected ne ' " . ~ Sa 3 
against overheating in.; front to back measures 4% in. 


. . Addition of tap switch accessory in- 
ee Leki eee. creases number of circuits to 36. Eagle 


ture- ensated material. Signal Corp., 202 20th Street, Moline, 
ure-comp ateria a 








WRITE for Chatillon’s illustrated brochure No. 711-B and let us 
recommend for your specific applications. 


John Chatillon & Sons 
85 Cliff St.. N. Y., N. Y. 


Dear Sirs: Please send me a copy of your 
illustrated brochure No. 711-B. 


85 CLIFF STREET, NEW YORK, N. Y. Name & Title: 


Manufacturers of Scales, Co. Name 


Force Measuring Instruments and na teat ee wee 


Precision Springs Since 1835 


(Continued on page 142) 
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These mill motors ate up brushes 


"til the ATIONAL brush man stepped in! 


TRADE MARK 


The mill motors in this eastern taminants, is standard on these mill motors. 
steel mill were extra hard on “Cal” Callaway and his fellow “National” Carbon 
brushes says “National” Carbon Brush Men have been helping plants solve brush prob- 
Brush Man, A. S. Callaway. lems for years. Their experience and training—backed 
An unavoidable contaminant by National Carbon’s long term brush development— 
A.S.CAMAWAY seemed to eat up every brush tried make them top consultants on any brush problem. 
by the mill. Only one brush proved capable of with- Call your “National” Brush Man today. Or write 
standing this condition: “National” Brush Grade N-6. National Carbon Company, Division of Union Carbide 
Naturally, the N-6, with its ability to withstand con- Corporation, 30 East 42nd Street, New York 17, N.Y. 


el ited. | 


National”, ""N” and Shield Device, and “Union Carbide’ are registered trade-marks of Union Carbide Corporation CARBIDE 
NATIONAL CARBON COMPANY - Division of Union Carbide Corporation + 30 East 42nd Street, New York 17, N. Y. 


Sales Offices: Atlanta, Chicago, Dallas, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco. In Canada: Union Carbide Canada Limited, Toronto. 
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INSULATED 


subject: APPLIANCE WIRE 
types: ALL INSULATIONS including polyvinyl! chloride; 


asbestos; silicone rubber; Teflon; Kel-F polyethylene; 
nylon, etc. 


conductors: copper; nickel; nickel clad copper; nickel plated iron; 
aluminized iron. 


source: CONTINENTAL WIRE CORPORATION 


For complete information on the wide range of 
Continental insulated wires and cables, write or call 
CONTINENTAL, Wallingford. 


Where heat . . . moisture ... cold... oil... grease... 
corrosive vapors ... demand a reliably insulated wire 

or cable, be sure to specify CONTINENTAL. A wide range 
of types and sizes in stock, or to special order. 

Give amperage, voltage, diameter limitations, and 
operating temperatures and conditions when inquiring. 


Co2rm2f%272eE72fa! 
wzize corporation WALLINGFORD, CONN ¢ YORK, PENNA. 
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SERVOAMPLIFIER 


Model 34 is designed to drive servo 
valves in pneumatic or hydraulic servo 
systems. Each amplifier includes an 
isolated a-c power source for exciting 
a-c feedback elements. 

Both a-c and d-c summing networks 


memati Tl TT 


\ (=< 
2g SB a) ie 
* > 
“ ; 


+ 
allow amplifier to accommodate wide 
range of feedback and control signals. 
Semiconductor diodes used for power 
supply rectifiers and for signal limiters. 

Output current 150 ma per coil in 
push-pull into 50 ohm coils; max coil 
resistance 75 ohms; differential cur- 
rent 0 to 300 ma. A-C sensitivity approx 
200 ma differential current per 0.05 


| volt rms input into 100 k ohm im- 


pedance. Raymond Atchley, Inc., 2340 
Sawtelle Boulevard. Los Angeles 54, 
Calif. >528 


SPHEROID BEVEL GEARS 


| Full fillet, multi-contact, spheroid 
| (FMS) bevel gears provide high load 


capacity and smooth, quiet action. 
Made in two classes: Class “A,” suit- 
able for majority of industrial appli- 
cations; Class “AA,” to meet the most 


| exacting requirements for precise 


| gearing and load-carrying ability. Man- 


ufactured from aircraft quality alloy 
steel; carburized and heat treated on 
tooth surfaces to a Rockwell hardness 
of C-60. 

Both classes operate equally well in 
either direction of rotation. Backlash 
can be closely controlled and thrust 
loads are at min. All gears of same 
part number interchangeable. American 


| Transmission Corp.. 575 Bloomfield 


Ave.. Verona, N. J. ->529 


| TUNEABLE TRANSFORMERS 


AND COILS 


Designed for printed circuit use, units 
meet requirements of specification MIL- 
T-27A, Class R, Grade 2 or 3, and may 
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CTC Capacitor Data: Metallized ceramic forms CST-50, in range 1.5 to 12.5 MMFD’s; CST-6, in range 0.5 to 4.5 MMFD’s; CS6-6 in range 1 to 8 
MMFD’s; CS6-50, in range 3 to 25 MMFD's; CST-50D, with two ranges on one form: 1.5 to 10 MMFD’s and 5 to 10 MMF D's. Variable capacitors 
available with split mounting studs and separate locknuts or with Perma-Torq® 'Tensioning Devices and standard locknuts. 


Family of midgets...every one dependable 


a fF 


This is the kind of family sure to 
make its way in distinguished fashion. 

While they are all midgets, these ca- 
pacitors all have an outstanding ability 
to do their jobs as well as capacitors 
many times their size. 

Their tuning elements virtually elimi- 
nate losses in tuning range because of 
air dielectric resulting in wide range of 
minimum to maximum capacity. Tun- 
ing sleeves are at ground potential, 
locked internally by a permanent ten- 
sioning device which holds the setting 
under severe conditions of vibration or 
shock. 

Most important, however, is that all 
benefit from Cambion responsibility 
of manufacture. Whether in stand- 
ard or custom manufacture, Cambion 
electronic components invariably guar- 
antee dependable performance. Each 
contributes at the highest level to the 
finished product of which it is a part. 

Cambion research and experience 
stand ready to help you solve com- 
ponent problems. For specifications and 
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prices write Cambridge Thermionic 
Corporation, 453 Concord Ave., Cam- 
bridge 38, Mass. West Coast stocks 
maintained by E. V. Roberts and As- 
sociates, 5068 West Washington Blvd., 
Los Angeles 16, California. In Canada: 
Cambridge Thermionic of Canada 
Limited, Montreal 28, P.Q. 

New Series X2122 Stand-Off Capacitors with 
ceramic dielectric are exceptionally rugged. These 
are general-purpose RF by-pass capacitors for use 
in high quality electronic equipment. The encap- 
sulating resin provides rigidity and durability 
under extreme conditions of shock, vibration, and 
humidity. Over-all height mounted is under 44”. 
Available in a wide range of values, color coded. 


CAMBRIDGE THERMIONIC CORPORATION 


(GAM ExIOINT 


Makers of guaranteed electronic components, custom or standard 
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Useful Technical Data File... 


DIAMONDS—SIGN 
OF FINISHING 
QUALITY 


on FAMOUS ALLIED PRODUCTS 


For Finishing, Cleaning and Protection of Metals 


Here’s a wealth of technical information gathered as a result of extensive 
product research, development and use throughout the world. This 
comprehensive file explains and describes all products, gives applicable 
metals, appearance of film, purpose of products, typical applications, 
U. S. Government specifications, method of application and test results. 


qaninb’ 
appecrance in decorative finishing on 


ZINC AND CADMIUM ALUMINUM CUPROUS ALLOYS MAGNESIUM SILVER 


® 
| ARP ) BRIGHTENERS Liquid and powder materials for barrel, still or automatic 


ZINC and CADMIUM plating. High chemical stability provides maximum quality at 
minimum cost. Liquids available in AUTO-FLO-PAK for economical aut tic di i 


® 
GUID process CHEMICALS 


WETTING AGENTS DETERGENTS DYES FOR IRIDITE FILMS 


® 
TTD CLEANERS and DEOXIDIZERS specictty formicte to 


provide maximum performance with IRIDITE coatings on al 

TIRILAC J New method of protection incorporating corrosion inhibitors in a water- 
soluble polymer base which dries to an extremely thin, tough, durable coating 

—clear in color. Does not chemically affect base metal or any post treatments, Used as a protective 

treatment alone or to enhance value of post treatments. 


The finishing industry's most complete line of chromate conversion coatings. 
Give peak corrosion resistance, a lasting paint base and widest choice of 





r v 





and zinc die castings. 


Write now for your copy of Allied’s Technical Data File, or call your 
Allied Field Engineer for full information on Allied products. He's 
listed in your phone book under “Plating Supplies”. 


Your Finishing Problems Invited 
Our Research and Development Department will be happy fo work with 
you to develop a finish for your needs. 


Allied Research Products, Inc. 


4004-06 E. MONUMENT STREET 
BALTIMORE 5, MARYLAND 


Manufacturers of IRIDITE®, IRILAC™'":, ARP® Brighteners and 
Plating Chemicals — West Coast Licensee: L. H. Butcher Co. 
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be provided with electrostatic shielding. 

Use of heavy, bulky mounting brack- 
ets and necessity of soldering of leads 
of any length (previously required for 
conventional units) is eliminated. De- 
sign allows for greater reliability and 
faster positioning of components on 
printed circuit boards. 

Dimensions are °%4 in. max x 5 in.; 
all pins on \%o grid. Electrical char- 
acteristics: frequency range—to 70 mc; 
inductance—to 30 mh; Q value—to 
125. Coil Winders, Inc., 60 New York 
Ave., Westbury, N. Y. >530 


Y2 IN. TRIMMER 
POTENTIOMETER 

RVG-8T potentiometers are stocked in 
resistance ranges of 20 to 50 k ohms, 
but are available up to 100 k ohms. 

Standard unit features power rating 
of 2 w at 85 C derated to zero at 150 
C. Resistance tolerance of +5 per cent 
and linearity of +3 per cent are pro- 
duced with windings on both cards and 
mandrels. 

Body is one-piece phosphor bronze, 
nickel-plated; terminals are _ gold- 
plated; stop pins and shaft are stain- 
less steel; precious metal contacts used 
throughout. Threaded bushing is stand- 
ard, and shaft lock nut included. The 
Gamewell Co., Newton Upper Falls, 
Mass. >531 


ul 


(Continued on page 146) 
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Army tank ventilating 
blower motor. 





Motor parts for 
portable electric tools. 





Motor for air 
conditioning applications, 





ga Motor for de-icer 
apowy Ud.~—Leedde, Ontedo metering pump. 


THE LAMB ELECTRIC COM ee : 


reactionat norserower MOTORS 
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FORCE TRANSDUCER 


Model 9-1 features high output of 1.68 
volts full scale with input of 115 volts 
a-c at 60 cps into 5000 ohm resistive 
load. 

Temperature drift and sensitivity at 
zero are max of 2 per cent at full scale 


i 


per 100 F. Units have 75 or 240 |b 

capacity with ring element design. 
Weight a max of 3 lb packaged in 

case 31% in. diam by 2 in. (excluding 

connections). Max linearity 0.5 per 

cent; hysteresis does not exceed 0.09 

per cent. All units meet environmental 

requirements of 

cliff Instruments, P. O. Box 5 

rovia, Calif. 


ELECTRICAL INSULATION 
SLEEVING 


Resinite Vinyl Glass is comprised of 
specially woven and treated fibrous 
glass sleeving which is completely 
covered with a vinyl compound that 
positively interlaces the two materials. 
It has up to 8000-volt min dielectric 
strength, good abrasion and cut-through 
resistance, high chemical and oil re- 
sistance, and wide operating tempera- 
ture range from 50 to 395 F. 
Available in 11 colors and in si 
from No. 24 to 2 in. inside diam. 
Resinite Dept.. Borden Chemical Co.. 
Box 1589, Santa Barbara, Calif. 533 


HEAT DISSIPATING AND 
RETAINING SHIELDS 


Power-size tube shields afford bulb 
temperature reduction through use of 
an inner liner of multiple spring finger 
contacts which grasp the hot tube bulb 
regardless of variations in changes of 
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How Magnet Specialists Can Help Improve 
Your Product, Cut Design and Production Costs 


A close look at your product in the light of modern magnetic tech- 
nology may reveal ways to improve designs and manufacturing 
methods with resulting lower costs. Here’s a good way to begin. 


STUDY THE MAGNETS 
YOU'RE USING 


If your product now employs a 
permanent magnet, review these 
considerations: 

1. Is the magnet right for the job? 


2. Would a larger or smaller magnet 
improve the design, permit larger 
physical tolerances, etc? 


Example: A manufacturer was using 
Alnico V magnets in a high-quality 
intercom unit. Magnetic experts 
studied the design and found that 
83% of the energy of the magnet 
was nullified in actual operation of 
the unit. Equivalent results could 
be obtained with a smaller Alnico 
magnet or lower cost magnetic 
materials. 


3. Are all close tolerances in the 
design essential to the perform- 
ance of the product? 

Example: A radar manufacturer — 
to meet required tolerances—speci- 
fied an I.D. grind on a permanent 
magnet used in conjunction with a 
magnetron assembly. Cost of the 
magnet was $2.26. Study showed 
that the I.D. grind was not neces- 
sary, and the new magnet price is 
81.7¢ each. 

4. Would a different magnet mate- 
rial perform more efficiently in 
this application? 

Can the design of the magnet it- 
self be modified for greater effi- 
ciency, lower cost? 


Example: A manufacturer of small 
electric motors used two Alnico V 
magnets and two pole pieces in a 
motor assembly. These four ele- 
ments have been eliminated in a 
design that uses one Indox ring 
magnet — a multiple saving in ma- 
terial, parts and labor. 


TOOLING WITH MAGNETS 


Literally thousands of manufactur- 
ers have cut factory costs with 
permanent magnets in tooling, proc- 
essing, material handling and pro- 
duction devices. A partial list of the 
most common applications will in- 
dicate the wide range of jobs a 
permanent magnet can do effectively 
and at low cost. 
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PARTS CONVEYOR 


Magnets eliminate clamps and hooks, 
simplify loading and removal of parts. 


CHIP RETRIEVER 


Collects chips and other iron par- 
ticles from coolant, lubricant, etc. 


PIPE ROLL 


Handles ferrous pipe and tubing at 
high speed without slippage. 


SHEET FANNER 


“Fans” sheet steel in stacks to sim- 
plify pickup and handling. 


FLOOR SWEEPER 


Picks up iron scrap, tools, etc. from 
plant floors, drives and parking lots. 


TOOL HOLDER 


Keeps tools handy and orderly, 
speeds work. 


SEPARATORS 


Magnetic pulleys, plates or drums 
remove tramp iron from non-ferrous 
materials in every industry. 








THE INDIANA STEEL PRODUCTS COMPANY 
VALPARAISO, INDIANA 


WORLD’S LARGEST MANUFACTURER 
OF PERMANENT MAGNETS 
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RESEARCH AND 
DEVELOPMENT 


Magnetics is a highly specialized 
science. Too often, competent engi- 
neers who are without the required 
testing facilities and experience will 
spend months studying a magnetic 
circuit for a proposed product, final- 
izing a design that could have been 
completed in a few weeks with the 
help of specialists. 


Nobody knows magnetics like 
Indiana Steel Products ...and In- 
diana makes all kinds of magnet 
materials, can recommend exactly 
the right magnet for your specific 
application. You are invited to con- 
sult with our engineers and scientists 
on any problem involving perma- 
nent magnets. Write today for new 
free catalog, “Cast and Sintered 
Alnico Permanent Magnets.” Ask 
for Catalog No. 19-B7. 


UE 
PERMANENT 
MAGNETS 


IN CANADA: The Indiana Steel Products Company of Canada Limited, Kitchener, Ontario 
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Need tough, uniform, accurate ceramic parts — 
then it will pay you to talk to Wisconsin Porcelain Co. 


Wisconsin Porcelain parts can 
help you guard against profit-eating 
production slow-downs due to de- 
fective or irregular ceramic parts. 

Expert engineering assistance is 
yours for the asking to help you 


select porcelain, refractory, steatite 
or filter body parts suited to your 
requirements. 


Send a sample or blueprint. 
You'll get a prompt answer on 
materials, prices, delivery. 





WISCONSIN PORCELAIN CO. ¢ 115 Market St., Sun Prairie, Wis. 
In the Chicago Industrial Area... Serving the 
Electrical and Electronic Industries since 1919. 
Circle 159 on page 17 











AT LAST-The IDEAL 
BARRIER TERMINAL STRIP 


"HEAVIER HIGHER 
BODY BARRIERS 


MATERIAL BETWEEN 
BARRIERS AT BASE 


BOTTOMS 
CLOSED 


WIDER CAN BE IMPRINTED 
BARRIERS HERE 


JONES SOO SERIES 
LONGER— STURDIER 


Wider and higher barriers for increased creepage distances. Closed 
bottoms for complete insulation. Material between barriers at the base 
adds to the strength and maintains the same creepage distance between 
contact to contact and contact to ground. Can be imprinted here. No 
insulating or marker strip required. Three series—540, 541 and 542 
having the same terminal spacing as our 140, 141 and 142 series. 

Complete listing in the new Jones No. 22 catalog. Write for your 
copy today. 


KNOCKOUTS FOR 
Y TERMINALS 


Howarp B. Jo Es DIVISION 


NCH MAN 


the Cenetn on ne; 
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bulb envelope contours and irregulari- 
ties. These contacts conduct heat away 
uniformly, eliminate dead air space and 
hot spot problems. Special liner ob- 
tainable for insertion into shields to 
give magnetic shielding when required. 

Shields used with matching bases 
which provide simple and efficient on- 
or-off twist-lock assembly. Friction fit 
between outside wall of shield skirt to 
inside surface of base makes good heat 
transfer through base and into chassis 
or heat sink. International Electronic 
Research Corp., 145 W. Magnolia 
Blvd., Burbank, Calif. —>534 


MINIATURE TRANSISTOR 
PILOT LIGHT 
A 30-sec solderless operation mounts 
and hooks up the Mini-Lite, which has 
a body and % in. diam and 14 in. 
long. 

Mounting requires only a %¢ in. 
panel hole without keying. On threaded 


front end of body is a collar nut which 
is removed to slip unit into panel 
hole; collar nut then is replaced and 
taper pin connections are inserted in 
base. 

Lamp circuit requires 200 volts d-c 
at 0.5 ma. Type TL-1 requires positive 
swing of 1 to 10 volts at 25 “amp and 
negative swing of 2.0 volts at 100 zamp 
to illuminate and extinguish lamp. 
Transistor Electronics Corp., 3357 Re- 
public Ave., Minneapolis, Minn. ->535 


CONDUCTIVE GASKETING 
COHRlastic conductive gasketing is 
aluminum alloy wire cloth impregnated 
with Neoprene rubber. As gasketing, 
it seals yet conducts high frequency 
currents, minimizing leakages which 
affect radio reception. 

Applications: between magnetos and 
their bases, in ignition harnesses, in 
quick disconnect plugs and as wave- 
guide shielding. 

Available with either 24 or 30-mesh 
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Radio Receptor 


he cf oe 


*high current density 


selenium _ 
rectifiers 


Life expectancy of 100,000 hours 
800 ma D.C., 15,000 volts 50,000 amps, 9 volts D.C. 


td 


4 * 
: — 
= 
4 c 
oe % 
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High voltage, low current for smoke High current, low voltage, fan cooled. 
precipitation. 12 containers required. For electroplating power supply. 


makes them first choice for these applications 


The engineers who specified these Radio Receptor rectifiers know 
the outstanding record of similar stacks in Germany and throughout 
the world. They also know they can install RRco. Petti-Sel rectifiers 
once and forget them, confident they’ll deliver up to 100,000 hours of 
trouble-free performance! 


Produced by the improved new vacuum process developed by Siemens 
of West Germany, and now manufactured exclusively in the U. S. by 
Radio Receptor, Petti-Sel rectifiers are available in an even wider range 
of current and voltage ratings than indicated above. We’ll gladly send 
you information regarding your rectification problems. For prompt 
attention, write today to Section EM-7. 


Semiconductor Division 
RADIO RECEPTOR COMPANY, INC. i a aclinal tial , 
Subsidiary of General Instrument Corporation | 9 ie etm 
240 Wythe Avenue, Brooklyn 11, N.Y. EVergreen 8-6000 
GENERAL INSTRUMENT CORPORATION ALSO INCLUDES 


AUTOMATIC MANUFACTURING DIVISION ¢ F. W. SICKLES DIVISION 
MICAMOLD ELECTRONICS MANUFACTURING CORPORATION (SUBSIDIARY) 
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world’s largest 


TEFLON | 
4 fo 
NYLON - - - 


nited 
tates 





Stock of 


SHEETS, 

TAPE, RODS, 
TUBING, BARS, 
CYLINDERS 


RODS and TUBING 


available everywhere 





through these Leading 
Plastics Distributors 


CADILLAC PLASTIC & CHEMICAL CO. 
Detroit » Chicago + Milwaukee + Cleveland 
Cincinnati + St. Louis « Kansas City (Mo.) 

Dallas * San Francisco « Los Angeles 


COMMERCIAL PLASTICS & SUPPLY CORP, 
New York 


COMMERCIAL PLASTICS OF PENNSYLVANIA 
Pittsburgh 


COMMERCIAL PLASTICS OF FLORIDA 
Miami 


INSULATING FABRICATORS OF NEW ENGLAND 
Watertown (Mass.) 


PLASTICS CENTER OF NEW JERSEY 
Newark 


For prompt service from ample stocks, 
phone the Distributor in your area, 
or contact one of The Garlock Pack- 
ing Company’s 30 sales offices and 
warehouses throughout the U.S. and 
Canada for further information. 


United States Gasket Company 
Camden 1, New Jersey 


asket Plastics Duision of 


GARLOC HK 
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aluminum alloy wire totally annealed 
meeting AMS 4182A. Oil swell, which 
enhances sealing effect, is rated at +-15 
to +-40 per cent after 70 hr at 300 F 
in ASTM No. 1 oil. Dry heat resist- 
ance tests show no surface hardness or 
brittleness after 70 hr at 212 F. The 
Connecticut Hard Rubber Co., 407 East 
St.. New Haven 9, Conn. >536 


POROUS SPONGE TEFLON 


LNP Teflon has applications in low 
dielectric loss components and con- 
trolled filtration operations. Has dielec- 
tric constant of 1.3 to 1.6 and dissipa- 
tion factor of less than 0.0001 which 
remains almost constant over wide 
range of temperature (—100 to +-500 
F), humidity and frequency (1 ke to 
5 mc). 

Spacer or filler offers possibilities 
of gas or liquid passage for controlling 
temperature of the dielectric, for re- 
moval of ionization products, for elec- 
trolytic cells or batteries. Wide range 
of pore sizes and void contents avail- 
able for selected filter applications. 
Liquid Nitrogen Processing Corp., 451 
Booth St., Chester, Pa. —>537 


HIGH VOLTAGE MINIATURE 
VACUUM RELAY 
SPDT RBI relay, designed for high 


voltage and high current operation, is 
only 21% in. long and 134 in. diam, has 
voltage rating of 10 kv and continuous 
current rating of 15 amp rms. 

Has shock and vibration charac- 
teristics of over 10 g’s at 500 cps. Self- 
aligning roller contacts insure positive, 
reliable operation. 

Slightly larger multiple-pole RB re- 
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PRECISION-ENGINEERED CONTROL SWITCHES 
TO MEET YOUR DESIGN Re 9 
REQUIREMENTS fe 
: Pad 


by Terminals designed for use 

Fg 'G oe with either screws or female 

o ARK-LESS or AMP type push- 
on tabs. 


Featuring Circle F 

“Fine” SILVER CONTACTS 

designed to reduce arcing on slow- 
10 Amp. 250 V. AC , x make, slow-break AC and insure long, 
4g gh a0 ay L-52-P illustrated dependable switch life. 

1.40-A 1887-LP 


PS. -P.$.T. F ° ° . ° 
~~ rte: Now Circle F offers new economies to design engineers through the use of 


standard medium-duty, one-hole switches, available for modification to meet 





particular specifications. 





New standards of quality-controlled manufacture permit these precision- 


engineered switches to be “custom-made” and delivered in production 
10 Amp. 250 V. AC |3A-125 V (T) ties , Pret Ce a 
15 Amp. 125 V. AC(L)/6A- 125 V quantities in less time and at the lowest possible cost. 
% H.P. 120-240 V. AC |3A- 250 V — 
2230 ’ Write Department MA for full information and engineering assistance. 
$.P.S.T. 

on-off 








FLUSH MOUNTING, SNAP-IN 
CONVENIENCE OUTLETS 
AND SWITCHES 

10 Amp. 250V. aC |i5 ion, 135 v. ac 


15 Amp. 125 V. AC(L) |3, H.P. 120 Vv. AC 
3% H.P. 120-240 V. AC 11% H.P. 240 V. AC 








M-2230-H illustrated 


No. 438-1 
ACTUAL SIZE 
15 Amp - 125 Volt 


sie . FAST, EASY SPRING CLIP INSTALLATION 
Listed by COMPACTLY DESIGNED — COMPETITIVELY PRICED 


Underwriter's 





teambiati tee Ideally-suited for bathroom fixtures, medicine cabinets, ranges, and other 
and certified by electrical appliances. Snap-in Convenience Outlets and Medium-duty Switches 


Canadian Standards are rated 15 amp, 125 V. Clip will accommodate wall thicknesses of .025” to .095”. 


Association 


CIRCLE F Mig. Co. 


731 MONMOUTH STREET, TRENTON 4, NEW JERSEY 
IN CANADA: VERD-A-RAY ELECTRIC PRODUCTS LTD. MONTREAL 
For your wire requirements: Eastern Insulated Wire Corp. 

(A Subsidiary) 

Box 591, Trenton, N. J. 
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STAINLESS STEEL CAPSTAN 
WITH RUBBER VULCANIZED 
ON HUB 
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/ 
NYLON SPRING RETAINER (2 REQ'D) 


SPECIAL ROBBINS 


SPECIFICATIONS 


Reluctance synchronous motor, 1/20 HP, 60 cycle, 3 phase, 
208 volts + 8%, 1200 RPM .. . Rotor dynamically balanced 
to commercial specifications . . . Shaft is shown in position 
when motor is stopped . . . When motor is running at syn- 
chronous speed, a minimum axial force of 350 grams is 
required with spring in place before displacement occurs . . 

When rotor is in its retracted position and power is applied, 
the minimum axial force developed with spring in place is 
100 grams . . . When power is cut off, the spring retracts the 
rotor with minimum 50 gram force while rotor is rotating. 


function 


Robbins & Myers 
builds motors from 


1/200 to 200 horsepower 
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NEOPRENE 
WASHER 






































NYLON WASHER 


& MYERS 


accomplish unique 
in IBM’S 727 magnetic tape unit! 


_% 
wW 


SHAFT 
ROTATES 
AND 
MOVES 
AXIALLY 
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Two of these special R&M motors are 
used in each of IBM’s 727 Magnetic 
Tape Units. They answer IBM’s need 
for a tape unit drive motor with a re- 
tractable capstan. The rotating shaft 
moves axially when the motor is started 
or stopped. 

A spring holds the rotor, shaft and 
capstan in retracted position when the 
motor is stopped. When started, as the 
motor attains synchronous speed, axial 
force created as the rotor centers itself 
in the field becomes sufficient to over- 
come spring resistance. The capstan 
moves into engaged position and sends 
the tape reels rolling. Another capstan 
on the opposite end of the shaft (at 











right in drawing) actuates two micro- 
switches as the rotor returns to retracted 
position when motor is stopped. 

Four additional R&M fractional 
horsepower motors perform other high- 
speed power tasks within the tape units 
—driving reels, rewinding, unloading 
tape and retracting guide mechanisms. 

R&M motors meet strict IBM engi- 
neering requirements: precise adapta- 
bility to special functions, capacity for 
lightning starts and stops, and absolute 
dependability. R&M can also design 
and build motors of highest quality 
designed to your exact specifications. 
For reliable fractional power, contact 
Robbins & Myers! 


ROBBING ¢ MYERS, wc. 


SPRINGFIELD, OHIO 


BRANTFORD, ONTARIO 


& O /F is © 


MOTORS HOISTS MOYNO PUMPS PROPELLAIR FANS 
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FC-2-XPF 
Short leads— 
0.2” grid spacing 





Actual size photos YW 125° Cc. Ambient ass8 


Y Power and Low 
Level Switching 


“A-Lomecme Alef i-tite?. 


AT 2000 CYCLES 


FC-2-XLF 
long leads— 
0.2” grid spacing 


FC-2-XHF 
Hook leads— 
0.2” grid spacing 





NEW! FC-2 


DC RELAYS 


Subminiature, 
hermetically-sealed types 


These new FC-2 types are the latest 
development in high reliability missile 
relays — designed and produced by 
Struthers-Dunn, the pioneers in mini- 
ature, hermetically-sealed relays. 

30 G vibration at 2000 cycles and 
50 G shock specifications are readily 
met, as well as other requirements of 
MIL-R-5757C and MIL-R-25018. 


























Write for Struthers-Dunn DATA BULLETIN FC-2 


STRUTHERS-DUNN, Inc. 


Pitman, N.J. 





Makers of the world’s largest assortment of relay types 


Sales Engineering Offices in: Atlanta + Boston + Buffalo »« Chicago « Cincinnati 
Cleveland + Dallas » Dayton » Detroit « Kansas City » Los Angeles + Montreal « New 
Orleans * New York « Pittsburgh « St. Louis « San Francisco « Seattle « Toronto 
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lays (including 2PDT and 4PDT con- 
tact arrangements) available with vol- 
tage ratings of 15 kv and continuous 
rf current ratings of 15 amp rms. 
Jennings Radio Mfg. Corp., P. O. Box 
1278, San Jose, Calif. 538 


DRUM SWITCH 


Bul 350 switch furnished in surface- 
mounted NEMA Type 1 enclosures, or 
with oiltight cover plate for cavity 
mounting in machine base. Wrap- 
around cover exposes switch mechanism 
for easy wiring. Terminal screws ac- 


cessible from front instead of side. 
Edge of enclosure base raised so that 
cover can be slipped off or on directly 
from front when unit is mounted on 
base. 

Changeover to momentary or main- 
tained contacts simple. With cover re- 
moved, locking screw on operation se- 
lector plate is loosened and _ plate 
moved to right or left. 

Available for 14% hp 110 volts and 
2 hp 220 volts single-phase motors; 
2 hp 110-220-550 volts polyphase 
motors; and 44 hp 115-230 volts d-c 
motors. Allen-Bradley Co., 136 W. 
Greenfield Avenue, Milwaukee 4, Wisc. 

539 


TRANSISTORIZED FLIP-FLOP 


Model SF 101 is intended specifically 
for slow speed shift register applica- 
tions. Maximum shift rate is 2 ke. 
Intermediate circuitry or components 
are not required between stages as each 
SF 101 is capable of driving next such 
package directly. 

Power requirements are 5 ma at -+-20 
volts and 0.5 ma at —-90 volts. Twenty- 
five packages can be mounted in stand- 
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Coil Type 
BUSS Heat-Limiters 


e \ 


bas 


BUSS Heat-Limiters: 


Element Type 


Ca 
BUSS Heat-Limiters ya 


Now available in many types 
and in many styles of terminals! 


A SOUND, LOW COST SOLUTION 
TO MANY PROBLEMS 
OF OVERHEATING... 


A Heat-Limiter with the thermal, elec- 
trical and mechanical characteristics best 
suited to your application probably is al- 
ready available from the extensive BUSS 
line. If not, the BUSS engineers will gladly 
work with you in developing one exactly 
right for your needs. 


BUSS Heat-Limiters guard against 
overheating creating a hazard or re- 
sulting in loss of material by cutting 
off the current at a predetermined 
temperature. 


con” 


ANOTHER 4 
OUTSTANDING : 
DEVELOPMENT 


BUSS FUSES ‘BUSS Safety Valve 
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Applications include: Hair 

riers, Refrigerator Defrosters, 
Deep Fryers, Incubators, Ovens, 
Industrial Cookers, Heaters, Com- 
bination Room Coolers... plus 
many other devices or apparatus 
where failure of temperature control 
might cause trouble or a hazard. 


Where thermostats are used, 
BUSS Heat-Limiters offer ideal 


‘back-up’ protection should the 
thermostat fail for any reason. 


if overheating is a problem, it 
will pay you to investigate the ad- 
vantages of BUSS Heat-Limiters. 
Use the coupon or write Bussmann 
Mfg. Division, Mc Graw-Edison Co. 
St. Louis 7, Mo. 


Bussmann Mfg. Division Mc Graw-Edison Co. University at Jefferson, St. Louis 7, Mo. 


Please send information on BUSS Heat-Limiter. 


EE 


EM-758 


Title_ 





Company 





Address 


City State 
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HAZE LTI NE relies on Photocircuits 


“Tuf-Plate” plated-thru holes 


HEART OF ADVANCED 
AIRBORNE RADAR 


Strategic military decisions 
stem from reliable knowledge 
of an entire situation. To 
gather reliable information, 
our nation depends on airborne 
radar. 


Hazeltine’s universal radar 
indicator...the advanced 
AN/APA-125...displays signal 
data of many types: Submarine 
detection, AEW, IFF, AMTI, 
LAB, beacon and others. With 
this electronic plotting board, 
an operator can plot any tacti- 
cal problem and accurately 
interpret the solution for 
evaluation and action. 


For the compact, lightweight 
AN/APA-125, Hazeltine speci- 
fies space-saving, double-sided 
printed circuit boards with 
“TUF-PLATE” plated-thru 
holes by PHOTOCIRCUITS. 
Here is reliability never before 
possible in two-sided thru 
circuitry. 


“TUF-PLATE” reliability is 


guarded by rigid process engi- + 


neering controls, developed by 
PHOTOCIRCUITS and 
unmatched in the printed 
wiring industry. Proper design, 
precision production and 
advanced quality control 
techniques assure consistently 
dependable performance... 
often at lower cost. 


Get the detailed“TUF-PLATE” 
story today from PHOTOCIR- 
CUITS...the largest and most 
experienced manufacturer in 
printed circuitry. Write our 
Engineering Department PS-3. 








@ /huocicuts 


£24247 8664 363.2 








GLEN COVE, NEW YORK 


PHONES 
GLEN COVE 4-8000 FLUSHING 7-8100 
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CABLE 
PHOCIRCO 


|ard 17 in. rack width. An 8%4 in. rack 
| panel space can contain 75 packages. 
| Circuit is mounted on an etched 
|copper-clad epoxy laminate. Overall 
|size is 214 x 4 in. Computer Control 
| Co., Inc., 92 Broad Street, Wellesley, 
| Mass. >540 


‘HUB DESIGN PREVENTS 
IMPROPER ASSEMBLY 


| All-steel weld-on hub designed for fool- 
| proof assemblies of sprockets, pulleys, 
| sheaves, gears, couplings and other in- 
dustrial equipment is adaptable to 
various shaft assemblies without in- 
creasing overall length of product. 
When used with companion unit, the 


steel-tapered bushing, there is no need 
for any special tools, wheel puller or 
jack screw for installation or removal. 
| Hub is provided with compression set 
|screws that mount flush with surface. 
| Only device needed for installation or 
removal is hexagonal head key. Split 
construction provides for full grip on 
undersized shafts. Cullman Wheel Co., 
1344 Altgeld St., Chicago 14, Ill. 541 


DIGITAL TIMER 

Model 2400 is miniature 4-decade dig- 
ital timer having a resolution of 1 
millisec and a max indicated time in- 
terval of 9.999 sec. Glow transfer tubes 
are used as decade counters and in- 
dicators. 

Thyratron gate control circuitry re- 
duces the normal requirement of 10 
triodes to only 2 miniature gas-filled 
tetrodes. Timing pulses derived from 
low frequency 1000 cps tuning fork 
oscillator and squaring amplifier using 
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Let these Anaconda photomicrographs help you select 
high-ternperature Magnet Wire with glass-type insulation 


These two longitudinal sections of Anaconda magnet wires have 
been blown up 400 times—to show you the difference between 
Anaconda Vitrotex and Vitrotex-D (both 130°C—AIEE Class B). 

Maximum high-temperature protection in glass-type insulation 
depends on the proportion of the glass fibers present. Maximum 
resistance to winding damage, however, can call for reducing 
the number of glass fibers and adding a “damage reducing” 
agent such as Dacron. 

This isessentially the difference between Vitrotex and Vitrotex-D. 

Anaconda provides both—in complete size ranges, in rounds, 
squares and rectangulars. You, the designer, must weigh the 
need for insulation and heat-resistance against those properties 
which affect windability. 

Vitrotex, as the left-hand photograph shows, consists of all 
glass fibers—therefore, where winding damage is controllable, 
Vitrotex offers you greater insulation value. 

Sometimes, however, the risk of winding damage cannot be 
avoided. For these situations, Anaconda offers Vitrotex-D. The 


For more details on the 


NYFORM 105°C 


high teme superior wir 


PLAIN ENAMEL | 


zs 4 
' AY YD 
PY al (>) 


Dacron acts as a bonding agent—holds the fibers in place and 
protects them during winding. 

The pictures above show more than the difference in glass- 
fiber content. They show how Anaconda engineering and manu- 
facturing care provide uniform fiber distribution in both types 

. how each has been designed to do a different job—and do it 
well! 

Ask the Man from Anaconda for additional details on (1) 
Vitrotex, (2) Vitrotex-D, (3) Silotext (180°C—AIEE Class H) 
and (4) Silotex-Dt. See ““Anaconda™ in your phone book, in 
most principal cities, or write: Anaconda Wire & Cable Com- 
pany, 25 Broadway, New York 4, N. Y. 


SEE THE = —_— — 
man From FANACOND, 


FoR MAGNET WIRE 


tics of Vitrotex and Vitrotex-D, please turn the page 


FORMVAR |05°C [AIEE ANALAC 105°C 
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MAGNET WIRE 
DATA SHEET 


from 
Anaconda Wire & Cable Co. 


IMPORTANT FACTS FOR YOUR WORK... 


... about 
130 C (AIEE Class B) Magnet Wire 


HIGH TEMPERATURE OVERLOAD PROTECTION. Even under severe 
overload conditions, Vitrotex provides protection. This ex- 
ceptional high-temperature resistance is Vitrotex’s outstanding 
advantage—and can be put to use even in totally enclosed 
applications. 

REDUCTION IN FRAME SIZE. Because of the higher temperature 
stability, excellent space factor (compared with cotton), and 
the high heat conductivity of the glass fibers, Vitrotex-wound 
motors and generators can be produced in smaller frame 
sizes for equal rating or with increased ratings in comparable 
size Irames. 


MECHANICAL PROPERTIES. Vitrotex has the necessary abrasion- 
resistance for most winding applications. It is suitable wher- 
ever controllable winding is possible. Vitrotex possesses re- 
markable space factor, especially when considering its ability 
to withstand high operating temperatures. Single Vitrotex has 
a space factor better than single cotton of equal gage. Double 
Vitrotex has a space factor better than double cotton of equal 
gage. Vitrotex has good “mesh” factor—windings expand 
no more than other insulations so that special precautions are 
unnecessary in design of windings. 

ELECTRICAL PROPERTIES. Vitrotex is offered as a 130°C (AIEE 
Class B) magnet wire. Its high-grade organic bonding varnish 
plus the glass, give Vitrotex high electrical qualities. Vitrotex 
will retain sufficiently high dielectric strength to operate 
satisfactorily at temperatures above the destruction point otf 
organic fiber insulation. At high relative humidity, Vitrotex 
retains its dielectric strength to a marked degree. 

CHEMICAL PROPERTIES. Vitrotex is compatible with most Class B 
bonding varnishes and materials. Windings with Vitrotex 
can be baked after impregnation at temperatures that would 
destroy ordinary insulations. Windings can be impregnated 
with commercial varnishes or other compounds by standard 
methods. While the glass fibers themselves will not absorb 
liquids or compounds, the interspaces of the insulation will take 
up and retain the impregnant. Allows great latitude in design. 
THERMAL PROPERTIES. Vitrotex is a 130°C (AIEE Class B) magnet 
wire by definition. However, the precise temperature at which 
Vitrotex wire can be operated will depend on the design of 
the apparatus. For example, Vitrotex is excellent for use in 
dry-type transformers under Group 2 NEMA classifica- 
tion for operation at 150°C hottest spot. Under severe 
overload conditions where all bond and varnish are destroyed, 
the inorganic glass remains to protect against shorting. 





... about 
130 C (AIEE Class B) Magnet Wire 


WINDABILITY, Vitrotex-D is a high-temperature AIEE Class B 
magnet wire with special abrasion-resistance properties. Where 
a controllable winding operation is not possible (making the 
use of all glass insulation impractical), Vitrotex-D is rec- 
ommended. 


PRECAUTION: Dacron is a polyester 
wire is limited to ventilated equipment 


Therefore the use of this 


MECHANICAL PROPERTIES. Vitrotex-D exhibits superior abrasion- 
resistance. It is ideally suited to those situations where a 
high-temperature Class B magnet wire is needed, but where 
the winding operations from the standpoint of abrasion, small 
bending radii or forming stresses are too severe to permit 
the use of all glass insulated wire. Use of Vitrotex-D on 
rectangulars results in thinner insulation and thus improves 
space factor. 

ELECTRICAL PROPERTIES. As in the case of Vitrotex, Vitrotex-D 
is offered as a 130°C (AIEE Class B) magnet wire. The same 
high-grade, organic bonding varnish is used in Vitrotex-D 
as in Vitrotex—— giving this wire similar high electrical properties. 
CHEMICAL PROPERTIES. The chemical properties of Vitrotex-D 
are similar to those of Vitrotex except, since Dacron is a 
polyester, care should be taken in the selection of the proper 
varnish. 

THERMAL PROPERTIES. Vitrotex-D shows the same general ther- 
mal properties as Vitrotex—with excellent aging and heat- 
resistance. Since less glass is present in the covering, less pro- 
tection is provided under severe overload conditions, 


SEE THE MAN FROM 


FOR 


MAGNET WIRE 


Anaconda Wire & Cable Company, 25 Broadway, New York 4, N. Y. 
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2 twin-triodes. No frequency dividers 
used, since 1000 cps timing frequency 
is counted directly. Counting unit also 
employs only 2 twin triodes for driving 
all 4 glow transfer decade counters. 

Although designed for 24 to 28 volts 
operation (high voltage supplied by a 
12 w transistorized d-c converter), can 
be used with power supply using 60 
cps, 117 volt line voltage. Erie Resistor 
Corp., 644 W. 12 St., Erie, Pa. ->542 


CRYSTAL AND COMPONENT 
OVENS 

JKO 12S series ovens feature a disk- 
type thermostat which provides “snap- 
action” opening and closing. Suitable 
for crystals, oscillators, filters and 


other components requiring constant 
temperatures for proper operation. 
Meets military environmental spec- 
ifications, providing operating tem- 
peratures from 55 to 125 C with tem- 
perature stability of +1.0 per cent. 
Heater operates on 12-115 volts. James 
Knights Co., Sandwich, IIl. —>543 


AIRCRAFT PRESSURE SWITCH 
General-purpose pressure switch weighs 
only 34% oz and encompasses pressure 
ranges from 2 to 3000 psi. Designed 
for use in missiles and aircraft, switch 
is 18g in. diam, 2% in. overall length, 
and is suitable for use with air, gas, 
oil or fuel. 

Type 6607-1 (through -9) operates 
satisfactorily following shocks of 100 
g’s and when subjected to temperatures 
from —65 to -+-250 F. Meets vibra- 
tions per MIL-E-5272A, Procedure I, 
extended to 2000 cps. Consolidated 
Contr Bethel, Conn. ->544 
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SELF-BONDING MYLAR 
NAMEPLATES 


Polyester film nameplates can be made 


to specifications as dials, rating plates, | 
instruction plates or decorative trim. | 
Poly-Plates are sub-surface printed, | 
metalized and sealed to assure perma- | 
nent legibility of legend, pattern design | 


or decorative trim. 


Reproduced to exact color match, | 
insignia, art-work and even half-tones | 
can be incorporated in nameplate de- | 


sign. Sub-surface legend is protected 


from salt spray, solvents and detergents | 


by crystal-clear film. 


Can be applied to flat or curved | 


painted or unpainted metal, wood, 


plastic, or glass surfaces without ap- | 


plication tools. No activators required 
to bond adhesive to surface perma- 
nently: merely peel off Blue Streak 


release liner and apply nameplate to | 
surface. Available in 3 and 5 mil thick- | 
nesses. W. H. Brady Co., 727 W. Glen- | 


dale Ave., Milwaukee 9, Wisc. ->545 


METAL-CERAMIC HEADERS 


Standardized insulating ceramics in this | 


header line make possible large assort- 
ment of both off-the-shelf and custom 
units, with no ceramic tooling require- 
ments. 

Available for application in electronic 
tubes, relays, transformers, missile 
components, and other devices requir- 


ing vacuum tight, high temperature, | 


ruggedized seals. 


These copper-brazed alumina to 


matched alloy assemblies suitable for 
operation up to 1000 C, and are all 
helium-leak checked and thermal shock 


tested. Have high mechanical strength | 


and are resistant to chemicals and 


nuclear radiation. Radian Laboratories, | 
>546 | 


Inc., Box 454, Mineola, N. Y. 


MOTORIZED GEAR UNIT 
Line-A-Spede drives are gear reducers 
powered by standard NEMA frame 
motors mounted on shelf attached to 
reducer. Double, triple and quadruple 
reduction gear units, with ratios up to 
1487 to 1, are available for motor rat- 
ings of 1 to 75 hp. 

Motors can be replaced rapidly by 
disconnecting coupling between motor 
and reducer. In multi-unit gearmotor 








put #4E/NZE in your designs 


NEW... 
BLOWER- 
HEATERS 


warming 
and 


drying 


Heinze new Blower-Heater 
Combination Units are ideal for 
warming and drying in such 
applications as hot food vending 
machines, photographic dryers, 
food warmers. Blower is de- 
signed for continuous operation. 
Heater can be thermostatically 
controlled through separate 
terminals. 


Motor operates on 110 V, 60 
cycles. Type DS delivers 55 cfm 
(free air) at 3000 rpm. Type 
YSS delivers 50 cfm (free air) at 
1500 rpm. Heaters are available 
from 200 to 1000 watts, single 
phase. Coiled wire heating ele- 
ment is well insulated to protect 
outer wall. Choice of mountings 
includes outlet or inlet, flat 
strap, or “L’”’ shaped brackets. 


Send coupon for 
complete technical data. 


ELECTRIC COMPANY 
685 Lawrence St., Lowell, Mass. 
Sub-Fractional Horsepower Motors and Blowers 


HEINZE ELECTRIC COMPANY 
685 Lawrence Street, Lowell, Mass. 


Please send me literature and price informa- 


tion on Heinze Blower-Heater Combination 
Units. 


Wamne & Tithe. 2. ccceccccoevcseceecvcces e 











NYLON BOBBINS 
Reduce Your Coit 
Production Cost 


A. Flange Size 
Maximum 2x 2-3/4" 
B. Core Size installations of similar rating, stand-by 
® Costly secondary operations oe ‘syaR" » | protection is afforded by one stand-by 

y ram - : > ize re ire 

can be eliminated by incorpo- C. Core Length es motor of large st size required. 

rating economical terminal Maximum 1-172" Units available for 
designs into the molded part Minimum 4 
> D. Wall Thickness : 
8 a, Ge — m aaetibaetinn 093” | | mounting. A backstop to prevent re- 
! ure n +} re etim- . = . . . nT . 
eget Minimum .025”" @& | versed rotation is optional. The Louis 
Cosmo Nylon Bobbins are Allis Co.., 427 E. Stewart St., Mil- 
accurately and economically f »y | waukee 1, Wisc. >547 
molded to your particular : 
specifications. Dimensional 
stability, high precision, close 


tolerance and reliable uni se ad A IMPREGNATING RESINS 


formity is assured . a 

5 * ‘ Developed primarily for use in the 
ur engineering service is . a J . . . ° 

available on request. Send 7 ; electronic field, electrical properties of 


your specs to Cosmo for 4 AA, , i these four resins make them suitable 
prompt action : L- “ | | for 


horizontal, verti- 
cal, flange, incline, sidewall or ceiling 





impregnating coils, small motor 
fields, transformers, capacitors. 
ISOFIL 201 and 202 epoxidated 
polyester types are characterized by 
high dielectric constants and low power 
factors. Offer advantages such as chlor- 
ide scavenging, low vapor pressure and 


SALES DIVISION OFFICES 


Arizona, Missouri, Illinois, Michigan, Ohio, New Jersey, Connecticut, Massachusetts, Canada 





J low viscosity, yet 100 per cent re- 
CLEVELAND 9, OHIO activity. 

ISOFIL 221 and 222 one-part resins 
are modified, low viscosity epoxy re- 
sins, internally catalyzed. Materials are 
of indefinite pot-life and are shelf- 
stable. Suitable as potting and casting 
compounds where absence of exotherms 
is primary requirement. As _ impreg- 


MOLDED CABLE | nants, may be used either at room 
ASSEMBLIES | temperature or warmed without danger 


| of premature gelation. Isochem Resins 
(Audio Jumpers) ] Corp., 221 Oak Street, Providence 9, 


R. 4. >548 





Different plugs molded directly to various cable 
combinations with innumerable terminations. 


. 


j / Custom-made | MINIATURE SILICON 
a / / 


to your requirements POWER DIODES 
COMPLETELY ELECTRICALLY | Hermetically-sealed diodes provide d-c 
SHIELDED 


forward currents up to 45 amp with 
NEW max peak inverse voltage to 500 volts. 
Miniature Phono Jack Designed for use at high tempera- 


3501-FP ¢ | tures, units are capable of operation 
an 





Straight Phone and Phono Piugs Right Angle Phone and Phono Plugs 
and many others 
93 STOCK COMBINATIONS & LENGTHS—Shielded and Unshielded 


Eliminates front of panel 
mounting—requires onty 
single hole. Can be mounted 
in multiples on 1/2” centers. 











Just Off the Prese 


ENGINEERS—Send for your copy of Switchcraft Catalog $-58. 
Complete information on many hundreds of components 


| 


5539 N. Elston Ave., Chicago 30, Ill. 
Canadian Rep: Atlas Radio Corp., Ltd., 50 Wingold Ave., Toronto, Ontario 


| 
| 
| 
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Uniformity of Taylor Rolled Copper-Clad Laminates 
helps prevent shorts in printed electronic circuits 


Taylor Rolled Copper-Clad Laminates help prevent both 
shorts and open circuits: shorts because the copper is free 
of lead inclusions; open circuits because the metal is free 
of pits and pinholes. They have such high uniformity that 
even lines only 0.002 in. wide, and spaced only 0.004 in. 
apart, can be produced. These features also help prevent 
resistance buildup and other faults that cause failures in 
radios, television sets, and other electronic devices found 
in the home and industry. 

- Production control at Taylor Fibre Co. is responsible for 
this highly uniform printed circuit material. Taylor has 
devised a unique method of bonding high-purity rolled 


Actual size of printed circuit 
on Taylor Copper-Clad Lami- 
nate. The lines are only 0.002 
in. wide and 0.004 in. apart. 
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LAMINATED PLASTICS 


copper to the base laminate—and keeping it securely bonded 
even under severe conditions of temperature, humidity and 
mechanical stresses. From this results the production of 
printed circuits of consistently high quality. 

This is only one of the many Taylor Fibre Co. products 
that are meeting industry’s demands for improved materials 
with superior performance characteristics. If your products 
require laminated plastics—in basic form or fabricated 
parts—contact Taylor Fibre Co., Norristown 37, Pa. Our 
plants at Norristown, Pa., and La Verne, Calif., are both 
fully equipped to give you engineering assistance as well as 
quick delivery on the laminated plastics you may need. 


aylor 


VULCANIZED FIBRE 
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In the AS&W Spring Laboratory a semi-resonant spring fatigue machine is testing the Lipe-Rollway 
clutch spring. At speeds of 700 cpm this spring is functioned beyond its normal life span and at higher than 
normal stresses to prove conclusively its superior design as a clutch spring. 
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A USS American flat wire compression spring is shown in place 
in the Lipe-Rollway clutch. Four round wire compression springs 
are also being installed in the clutch. 


better performance in heavy-duty clutches 
_.. thanks to AS&W 


Spring Engineering Research Service 


Cohumbia-Geneva Stee! Division, San Francisco, Pacific Coast Distributors + 
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The Lipe-Rollway Clutch Division, Lipe-Roll- 
way Corporation, Syracuse, N. Y., manufactures 
automotive clutches for heavy-duty trucks, trac- 
tors, buses and other large mobile equipment. 
Because USS American Springs play a vital part 
in the performance of these clutches, Lipe-Roll- 
way asked the AS&W Spring Engineering Re- 
search Service to test the springs and determine 
if any changes should be made in the design to 
improve and maintain the high performance 
standards. 

As a result of these tests the AS&W Engineers 
recommended certain important changes to give 
the springs longer life. After this reeommenda- 
tion was adopted by Lipe-Rollway, Mr. Harvey 
Gray, Chief Inspector & Quality Control, had 
this to say: “‘Exceptional service has been real- 
ized from our American Steel & Wire Springs.” 


American Steel & Wire 
Division of 


Tennessee Coal & tron Division, Fairfield, Ala., Southern Distributors « 


If you have a spring problem or would like 
advice on the use of springs in your product, 
get in touch with our general office in Cleveland, 
or any American Steel & Wire Sales Office. You 
can benefit from the knowledge of AS&W’s 
Spring Engineering Research Service. The Serv- 
ice has been engaged in laboratory experiments 
of static and dynamic testing for 20 years and 
has accumulated invaluable data on stress and 
fatigue life of steel springs, while endeavoring 
to improve efficiency in the use of steels—from 
steel chemistry through product application— 
to more economically cope with today’s rigorous 
demands. This accumulated knowledge of the 
AS&W Spring Engineering Research Service is 
at your disposal. 

American Steel & Wire Division, General 
Offices: Rockefeller Bldg., Cleveland 13, 
Ohio. 


USS and American are trademarks 


United States Steel 


United States Stee! Export Company, Distributors Abroad 
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CONVERTS LINEAR SOLENOID THRUST 
INTO ROTARY TORQUE 


A ROTARY SOLENOID 


MODEL R133 NOMOGRAPH 
FOR DETERMINING MINIMUM AVERAGE TORQUE 


4.0 ub 


1s° 30° 45° 
DEGREES ROTARY STROKE 


NOTE: The output torque curve may be varied providing the 
area under the desired torque curve, when superposed on above 
nomograph, does not exceed the area under its minimum average 
torque rectangle. This torque rectangle is formed by perpendicular 
lines to torque and stroke axes from junction of degrees stroke line 
and duty cycle curve. EXAMPLE: 30° rotary stroke at 50% duty 
cycle produces a minimum average torque of 1.9 Ib.-in. 


FEATURES 


NO AXIAL MOVEMENT OF OUTPUT SHAFT 
THRUST BALL BEARING PROVIDES NEGLIGIBLE SIDE LOAD EFFECTS 


EXTREME LONG LIFE ASSURED WITH HARDENED TOOL STEEL 
MOTION CONVERTER 


AVAILABLE WITH HIGH STARTING, HIGH ENDING OR RELATIVELY 
UNIFORM TORQUE 


@ 15° to 60° ROTARY STROKES AVAILABLE 
PRECISION MACHINED THROUGHOUT 


DESIGNED TO MEET STRINGENT MILITARY AND AIRCRAFT REQUIRE- 
MENTS 


Further details from: 


ROLENOID, INC. 
P. O. Box 1124 
Culver City, California 
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at junction temperature of 200 C. 
Utilize latest advances in ceramic-to- 
metal hermetic sealing to provide added 
stability in environmental extremes of 
temperature, shock and vibration. To 
further increase reliability, no soft 
solders or fluxes are used in sealing 
operation. International Rectifier Corp.., 
1521 E. Grand Avenue, El Segundo, 
Calif. >549 


FERRITE LOAD ISOLATOR 
Used to provide isolation between a 
microwave source and its load with 
negligible loss in power, Model XL157 
removes reactive loading effect caused 
by long transmission lines or frequency 
pulling of magnetron or klystron. 
Operating over band 8.5 to 9.6 kme, 


it gives 15 db isolation with insertion 
loss of 0.5 db. Input vswr into flat load 
is 1.15. Peak power with a 2 to 1 mis- 
match, 300 kw; average power under 
same conditions, 300 w. 

Operating throughout temperature 
range —55 to +125 C, XLI157 has 
UG-51/U_ flanges to. mate with RG- 
51/U_ waveguide. Cascade Research, 
Div. of Monogram Precision Industries, 
Inc., Los Gatos. Calif. ->550 


MINIATURE TOROIDAL 
INDUCTORS 

Line of toroidal inductors has induc- 
tance valves ranging from 1 mh to 7 
hy, in useful frequency range from 100 
cps to 80 ke. Any inductance within 
this range can be supplied as standard 
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CONTROL is first! Now-—one step 
static control with switching reactors 


No wonder Nikita looks worried. CONTROL has taken the 
strain off American industry’s pocketbook by cutting the 
cost of static control. 


American engineers who want to make free use of power 
switching guided by digital logic can now take over, be- 
cause CONTROL’s standard line of switching reactors give 
freedom of design and economy never before available. 
First, one-step static control with switching reactors is so 
easy to operate it can be put to work in everyday sequenc- 
ing and switching problems involving either a-c or d-c 
loads. Auxiliary equipment is eliminated by the basketful. 
Gone are all the preamplifiers, special power supplies, 
information-sorting single purpose logic units, and power 
switching relays. CONTROL’s one-step switching reactor 
does most of the job by itself. 


Second, these units, in four nominal volt-ampere ratings 
of 15, 75, 150 and 300, have no relay contacts or moving 
parts to replace. Switching is by impedance change. Install 
them and forget them—no wear, no maintenance. 

Third, each Controt reactor performs all logic functions 
—AND, OR, NOT, MEMORY and TIME DELAY—through its multi- 
purpose control coils. Signal source is derived typically 
from limit switches, push buttons, or photo-cells. 

Fourth, each unit has a 10,000:1 switching ratio under 
nominal supply voltage conditions. High inrush currents 
are handled without difficulty. 

To learn how Controu reactors work, and how they'll 
fit your need for completely dependable, low-cost, ver- 
satile static control, write—and see why Nikita looks wor- 
ried. CONTROL, Dept.EM46, Butler, Pa. U. 


Reliability begins with CON TROT, 


*Expurgated translation: Heavens-to-Betsy! 


o ; ee 
A DIVISION. OF MAGNETICS, INC. 
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profiles 


in plastics 


by B. FRANK HANTZ, Vice President 







AMERICAN INSULATOR CORPORATION 


One of The Men Behind The Man From Aico 































“Aico’s enviable position in the field of molded plastics has been attained 
largely through customer satisfaction and service. Since 1916, Aico has 
been a major supplier of molded plastics to many of America’s pace- 
setting industries. Each molding job presented its own unique problems 
. .. problems which were successfully solved by the integrated facilities 
and coordinated skill of expert craftsmen within the Aico organization. 


Perhaps the best proof of Aico’s efficient service . . 


. and satisfaction 


delivered ...is the record of new assignments we receive from cus- 


tomers we’ve served in the past.” 


MOLDED NYLON PUMP IMPELLERS 
ANOTHER NEW USE OF AICO PLASTICS 


These nylon pump impellers are typical 
examples of how better products result 
from the use of Aico Molded Plastics. 
Molded to extremely close tolerances, pro- 
viding precision accuracy without machin- 
ing, the nylon impellers reduce assembly 
costs while increasing pump efficiency. 
Their light weight conserves driving energy. 
The chemical, corrosion and wear resistant 
qualities of the nylon material promises 
longer impeller life and less pump main- 
tenance. Aico Molded Plastics can give 
your products new, impelling sales advan- 
tages, too. Discuss them with Aico now. 


PERS % ae 


AICO’S Nook of : 
Plastics Knowledge 





INSERTS . . . may be used in plastic parts a 
as fasteners, to support loads, simplify : 
handling or facilitate assembly. (They 
may serve functional purposes or may 
be used purely for decoration.) Smooth 
rod inserts (see sample above) may be 
securely anchored by bending, splitting, 
notching, swaging or knurling. Other 
types of inserts are fully covered in 
Aico’s booklet “‘Good Plastics Design 
Makes Cents."’ Coupon will bring your 
FREE copy. 












FREE 
Plastics 
Designer’s 
Handbook 


Shows how good design controls unit cost of 
molded plastics. Molded plastic parts with a 
low unit cost can be achieved only when the 
practical limitations of die-making are given 
full consideration when the part is being de- 
signed. Aico has prepored a Plastics De- 
signer's Handbook that tells and illustrates 
how costly design errors can be avoided. A 
FREE copy is yours on request use cou- 
pon below 











Se Bee 


Name _ 


Title __ 






a 


Address 


A completely integrated plastics 
molding service with unmatched 
experience and coordinated 
facilities for Engineering, Mold 
Building, Compression, Transfer, 
Plunger, Injection and Cold Molding 
plus the molding of Reinforced 
Fiberglas 


La American Insutator CorporariOn 
New Freedom, Pa. 


Please send me a FREE copy of Aico's 
PLASTICS DESIGNER'S HANDBOOK. 


















tion, coupling o1 





in case measuring only 1 in. diam and 
less than ¥% in. thick. Max Q for 
typical 50 mh inductor operating at 
11 ke is 130. 

Designated as Series 781, line is de- 
signed for printed circuit boards or 
stacking on single screw for chassis 
mounting. Arnold Magnetics Corp., 
4613 W. Jefferson Blvd., Los Angeles 
16, Calif. >551 





HIGH PRESSURES, SPEEDS 
IN AIRCRAFT BLOWER 


MSA 7861 aircraft blower will deliver 
175 cfm of air against operating pres- 
sure of 16 in. of water; can be used in 
temperature range —75 F to 160 F. 
Cooling of electronic equipment, 
cabin pressurizing and windshield de- 


frosting are typical applications; meets 
environmental specifications of MIL-E- 
5272A. 

Totally enclosed, explosion-proof 1.2 
hp motor furnished with unit operates 
with 4-pin connector on 200-volt, 400- 
cps system at speeds up to 11,000 rpm. 
Weighs 8 lb; occupies less than 8 x 8 x 
9 in. Air Impeller Div., The Torrington 
Manufacturing Co., 70 Franklin St., 
Torrington, Conn. >552 


PLUG-IN PULSE 
TRANSFORMERS 


Types PT-82 and PT-91 are miniature 
encapsulated units designed to plug 
into standard Noval sockets. 
Transformers may be used for isola- 
blocking oscillator 
circuits. Windings may be connected in 
various ways for impedance matching. 
Embedded in epoxy, with aluminum 
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KEEP UP-TO-DATE ON MAGNETICS 








Now—guaranteed maximum and minimum 
performance limits for tape wound cores! 


For the first time you can order tape wound cores with 
guaranteed performance to published limits. 


All tape wound cores coming from the hydrogen atmosphere 
annealing furnaces at Magnetics, Inc. are tested by flux reset 
as proposed by the AIEE Working Group on Core Matching 
and Grading*. Thus, standard cores are given a standard 
test to give engineer-designers a standard component whose 
performance is guaranteed within fixed limits. 

Magnetics, Inc. has established the limits to provide maxi- 
mum, minimum and nominal B,,, B,/B,,, H, and gain 
performance data. It is published for one, two, four and six 
mil tape thickness for Orthonol® and Hy Mu 80. 


Now it is possible for you to select and order cores specifically 
suited to your design (just as with any other standardized 


JULY 1958 


component) . You'll save many hours of experimenting, and 
because the reliability of the data is guaranteed, you'll be 
sure at every stage of design and production. 


The published limits for Magnetics, Inc. tape wound core 
performance are ready now. Write for your copy: Dept. EM-45, 
Magnets, Inc., Butler, Pennsylvania. 


CARRS 


MAGNETIES inc. 


*Paper No. 58-71, Winter General Meeting, AIEE, February, 1958. 
Flux Reset Test is one of two tests proposed for standardization. 
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Send for this 


i oe 


Contains 25 different 


test samples of high - dielectric 


INSULATING TUBING and SLEEVING 


Includes samples and descriptions of . . . 


VARGLAS SILICONE— Class H tubing, sleeving, lead wire, tying cord. 
Withstands temperature from —85°F to 500°F. 


PERMAFIL-IMPREGNATED VARGLAS TUBING—Fiberglas impregnated with 
General Electric Permafil. 


VARGLAS SLEEVING AND TUBING—synthetic-treated, varnished, lac- 
quered, saturated and others. 


VARGLAS NON-FRAY SLEEVING—three types available. Withstands tem- 
temperatures up to 1200°F. 


VARFLO TUBING AND SLEEVING—full range of colors, sizes and grades. 
Vinyl coated Fiberglas. 


VARFLEX COTTON TUBING AND SLEEVING—varnish or lacquer impreg- 
nated—all NEMA grades. 


SYNTHOLVAR EXTRUDED TUBING—listed by UL for use at 105°C. Various 


formulations to meet unusual requirements. 


MAIL COUPON TODAY 
FOR SAMPLE FOLDER 


Masleors of 
Settled necting 
Tobing and Sleeving —/ 


——— ES 


VARFLEX CORPORATION 
504 W. Court St., Rome, N. Y. 


Please send me free folder containing samples of your electrical tubing and sleeving. 
1 am particularly interested in insulation for . 

Name 

Company 

Street 


City o = ‘i : 4 Zone 
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outer shells. Are resistant to humidity, 
shock, vibration and 
mental conditions. 
Specifications: length, 144 in. (not 
including pins); diameter, 34  in.; 
weight, 0.6 oz; test voltage, 1500 (be- 
tween windings). Berkshire Laborator- 
ies, 512 Bank Village, Greenville, New 
Hampshire. >553 


other environ- 


POPPET-TYPE CONTKOL 
VALVES 


Series of instant-action, high flow capac- 
ity poppet-type control valves are de- 
signed for remote pilot operation on 
large, high speed brakes, clutches and 
similar devices. 

Called Hi-Speed Inlines, 2 and 
3-way valves are said to provide almost 


instantaneous response due to short 
poppet travel. Shorter machine cycle 
time and increased production results 
from this fast response. 

Offered for remote pilot or integral 
pilot operation, in 2 and 3-way types, 
NO or NC. Normal working pressures 
from 20 to 250 psi for remote opera- 
tion, but valves will function satisfac- 
torily on main valve pressures as low 
as 6 psi. Sizes from 3¢ through 114 in. 
NPT available. Solenoid pilot coils for 
a-c or d-c, any voltage, can be fur- 
nished. Valvair Corp., 454 Morgan Ave., 
Akron 11, Ohio. ->554 


MEMORY STORAGE UNIT 


The 603-A is designed for moderate bit 


capacity and simplicity of operation. 


Built for heavy duty in aluminum cast- 
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aOR ak-wer- 0 ae -o ok -S-Keok- Mel oe comm — m0] 0] 0) 
counts per minute! 


Here’s a new Veeder-Root high-speed predetermining 
counter with instant resetting. Easily preset to the 
required number of pieces or performance-units, the 
counter subtracts to zero. . . then resets with a finger- 
flick back to the original preset number. 
This new counter meets standard U.S. electrical requirements 
(JIC Codes) . . . and is available with either electrical switch or 
mechanical stop. Also available without the predetermining feature, 
as a high-speed reset revolution counter. Series 1522 High Speed 
Predetermining Counters come in a rugged, handsome 
2-tone gray case that looks well everywhere. Write: 


re. Veeder-Root 


INCORPORATED 


*Trade-mark registration applied for. ® Hartford 2, Connecticut 


Hartford, Conn. ¢ Greenville, S. C. ¢ Altoona, Pa. * Chicago * New York * Los Angeles * San Francisco * Montreal * Offices and Agents in Prineipal Cities 
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Actual Performance Results 


PROVE... 


EANSTEEL 


Tantalum Capacitors 


give A Ee 








PP, VP and HP 
Types are also 
available with 
insulated sleeves 


IMMEDIATE DELIVERIES 


ANTALUM CAPACITORS SINCE un- B< §e) 
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ing, it is driven by precision shaft 
mounted on ball bearings. 

Memory storage accomplished by 
charging selectively any one of 60 con- 
densers mounted on rotating disk. 
Charging and pickoff may be continu- 
ous, for proportional process control, 
or drive shaft may be indexed to each 
condenser by a servomechanism. Max 
charging voltage is +200 volts d-c. 

Can be charged by d-c potentiome- 
ter; output can drive a meter indicator 
or servo system for process control. In- 
dustrial Control Co., 805 Albin Ave., 
Lindenhurst, L. I. “P5595 


SUBMINIATURE TEFLON 
TERMINALS 


Subminiature feed-thru Teflon terminal 
provides good mechanical as well as 
soldering bond, especially with finer 
wires. 

Instead of only being wrapped 
around each end lug, connecting wire 


first passes through a hole and then 
wraps around lug for greater security. 
Each end lug flatted on both sides for 
tighter wrapping of wire. 

Type FT-SM-93 ML measures only 
0.093 in. for bushing diam by 0.100 in. 
long, or 0.380 in. overall, including 
both end lugs. Sealectro Corp., 610 
Fayette Avenue, Mamaroneck, New 
York. ->556 


NICKEL-CADMIUM STORAGE 
BATTERIES 


Improved sintered plate nickel-cad- 
mium batteries have low internal re- 
sistance (0.001 ohms for 10 AH type 
cell), permit high discharge currents. 
Absence of corrosive fumes advantage- 
ous in enclosed spaces. 

Illustrated are individual cells with 
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capacities of 64, 5, 2 and 1 amp-hr. 
Nominal discharge of 1.2 volts per cell 
permits batteries to be made up in 
voltages which are multiples of 1.2. 
Capacities range from 1% to over 150 
amp-hr. 

Uses include portable electronic 
equipment, missile auxiliary power and 
data processing. Nicad Div., Gould- 
National Batteries, Inc., Easthampton, 
Mass. ->557 


HIGH-TORQUE MINIATURE 
D-C MOTOR 
Type 800 d-c motor offers an extended 
range of output speeds coupled with 
high torque, low current drain, and 
good speed stability. 

Output speeds range from 900 rpm 


to 2 rpd with gear train, and from 960 
to 3000 rpm without gear train, pro- 
viding max torques of 30 oz-in. and 
0.6 oz-in. 

Current drain may be as low as 30 
ma, depending on particular applica- 
tion. Voltage ratings from 3 to 30 volts 
d-c. Cramer Controls Corp., Box #8, 
Centerbrook, Conn. —>558 


MOLDED TERMINAL BOARDS 


GEN-PRO terminal boards offer design 
features such as: solid, insulated back 
which eliminates need for separate in- 
sulating strip between screw end and 
ground; thicker, higher barrier design 
which increases creepage path; mold- 
ed-in conductors. 

“Solid-Block” series can be marked 
right on barriers, eliminating need for 
marker strips. Molded-in insert around 
mounting holes provides increased sec- 
tional strength at this critical point, 
allows greater ease of handling and 
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SIZE 
REDUCED 
AS MUCH AS 


617% 





EKANSTEEL 


New Sub-Miniature Size 


Sy yal ers] 8r-leicel as 





SOLID TANTALUM 
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GENERAL ‘s 5 ELECTRIC 
HOURS 


sssssF& 


1/10 
MODEL 8KT 
VOLTS 
MADE INUSA& 
NP 203024 ACTUAL 
SIZE 


NEW LOW-COST G-E TIME METER 
CAN BE’READ AT A GLANCE... 


. because the numbers are 2 1 2 times larger than before 





more, the new extra digit at no extra cost gives you 


reading. Your G-E sales engineer can give yo 
the facts. Ask him for bulletin GEA-6710 


GENERAL (é) ELECTRIC ‘offs 
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PROVED AND PREFERRED! 


PARAMOUNT Spiral Wound PAPER TUBES 


SQUARE, RECTANGULAR, ROUND 


Regular-type PARAMOUNT paper tubes used for 
millions of coil forms and other applications. 
Hi-Dielectric. Hi-Strength. Kraft, Fish Paper, 
Red Rope, Acetate, or any combination spiral 
wound on automatic machines. Any size from 
14” to 30” long, from .450” to 25” I.P. Produced 
from wide range of stock arbors or specially 
engineered for you. 


PARAFORMED— SQUARE OR RECTANGULAR 


Exclusive Paraforming method of tube making 
without artificial heat or pressure. Makes per- 
fectly flat side walls, square inside corners, and 
very small radius on the four outside corners— 
and does it all at the time of actual spiral winding. 
No sharp outside edges to cut wire. No need for 
wedges to tighten wire. Full rigidity and physical 
strength. Permits winding coils to closer toler- 
ances. Allows faster automatic stacking of coils. 
Approved and used by leading manufacturers. 
No extra cost! 











PARAMOUNT [gee 
letterhead for 
PAPER TUBE CORP. STOCK ARBOR LIST 


612 LAFAYETTE ST., FORT WAYNE 2, IND. OF OVER 2000 SIZES 
Standard of the Coil Winding Industry for Over 20 Years 
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eliminates need for saddle plates. Gen- 
eral Products Corp., Union Springs, 


he & >559 


SIZE 6 SERVO MOTOR 


Weighing only 0.9 oz, motor will de- 
velop stall torque of 0.125 oz-in., and 
has free speed of 6200 rpm. Available 


for 400-cycle operation with 26-, 33- 
or 52-volt control phase windings. 
Control phase is center-tapped for 
operation directly with transistor amp- 
lifiers. Operating temperature range 
from —55 to +120 C. Daystrom 
Transicoif: Corp.. Worcester, Mont- 
gomery County, Pa. >560 


FRACTIONAL-HP MOTOR 


Model H 2-pole, shaded-pole motor Is 
designed to hold considerably more oil 
and wicking. Result is quieter bearing 
operation, less wear and longer trouble- 
free service. 

Another feature is die-cast bearing 


bracket that insures precision align- 
ment and adds to overall durability. 
Available in 9 models from 1/550 
hp to 1/50 hp. Typical uses: small 
fans and blowers, appliances, vending 
machines, communications equipment. 
General Industries Co., Olive & Taylor 
Sts., Elyria, Ohio. >561 


A-C VOLTAGE DIVIDER 


The Dekatran employs a_ special 
tapped toroidal transformer, coaxial 
switches and ESI Dekadial. Four 
coaxial dials give simple straightline 
reading to 5 significant figures. Over- 
all linearity better than 0.002 per cent. 

In addition to small size and good 
linearity, unit features low output im- 
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Nylon replaces metal in this idling 
1 cam made by Chicago Molded for 

Holley Carburetor. By injection 
molding it of nylon, Chicago Molded elim- 
inated 3 operations— hardening, stamping 
and assembly. This cuts production costs 
50%. Chicago Molded went even further 
and designed a unique mold with remov- 
able sections. This represents advance 
planning for easy changes in the number 
and sizes of the ratchets at lowest expense. 
Picture how this kind of foresight could 
keep your costs down. 


One part replaces three in this 
2 paint spray gun body developed 

with the help of Chicago Molded. 
By injection molding it from nylon as a 
single part, Chicago Molded eliminated 
several machining, polishing, buffing and 
plating operations previously required for 
metal guns. In addition to the cost-cutting 
advantages of this new nylon design, it is 
two-thirds lighter, is not affected by sol- 
vents, and makes a tighter air seal than 
die-cast aluminum. Do you have a similar 
part or component? 


ways 


Chicago Molded might cut 


An injection-molded—31” x 16” 


your parts costs 
— styrene cover replaces a die 


4 cast part at a lower cost in this 


Magna Bandsaw. Furthermore, the 
color’s in the plastic, eliminating the 
cost of painting during manufacture. 
And the cover can’t chip, peel, or fade. 
Chicago Molded’s engineers can sug- 
gest ways to make good products better 
and at lower cost through the use of 
molded plastic parts. 


This new “Schlitztap” 

looks like expensive 

bone china, but it’s 
actually made of melamine. 
Engineered and molded by 
CMPC, the plastic parts of the 
“Schlitztap” not only cost less 
than their ceramic counter- 
parts but are almost inde- 
structible. They’re immune to 
perspiration, scratching, stain- 
ing and chipping. This is the 
first time that it has been prac- 
tical to duplicate decorated 
ceramics that have compound 
curved surfaces. 


LET CHICAGO MOLDED KNOW YOUR COST PROBLEMS 
It may be possible to solve them and make a better 
product too—with a slight change in design, or material, 
suggested by Chicago Molded. Our engineers have excep- 
tional experience in doing just this. Your problems are 
their job. So let us know if we can be of help. Contact: 


CHICAGO 
MOLDED 


PRODUCTS CORPORATION 


1024 North Kolmar Ave., Chicago 51, Ill. 
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KLEIN PLIERS 


make wiring faster 
...easier 


pedance, high input impedance, negli- 
gible phase shift, good frequency re- 
sponse and freedom from errors due 
to temperature changes and long term 
drift. 

Frequency range 50 cps to 10 ke. 
Dimensions: 31% in. sq; 6 in. behind 
panel; 314 in. mounting hole. Electro- 
Measurements, Inc., 4312 S.E. Stark 
St., Portland 15, Ore. —>562 


PRESSURE TRANSMITTER 


The 70-2107 pneumatic transducer cov- 
ers the range from 30 in. Hg vacuum 
to 50 in. Hg pressure and is designed 
for aircraft engine testing, particularly 
manifold pressures. 

Precision potentiometer outputs 
available from 600 to 5000 ohms. Rat- 


ing of 1 w for ambient temperatures 
up to 50 C and 14 w up to 70 C. Wear 
life is 3,000,000 cycles min; accuracies 
to 14 per cent; small size — 214 in. 
diam by 134 in. deep. Available with 
millivolt converter to provide 0-50 mv 
outputs into conventional instrumenta- 
tion. International Resistance Co., 
Klein Pliers may be ordered with dipped-on plastic-coated handles. Computer Components Div., 401 No. 
“PAT. APPLIED FOR Broad St., Philadelphia 8, Pa. -—>563 
There’s a lot to like in Klein Pliers. steel, individually tempered and 
There is a size and style for every _ tested. They are backed by the Klein | 5 W CONTROL SMALLER THAN 
job, even the toughest wiring as- name, serving industry for more | 
sembly. All are made of finest alloy than 100 years. CONVENTIONAL 2 W UNIT 


Many Klein Pliers are 
available with a coil spring to 
keep jaws in open position. 
Spring is guaranteed for the life 
of the plier 





Measuring only 152 in. diam, the Model 
4 Radiohm (R) unit achieves miniatur- 
ization by means of special “thermo- 


Yours for the asking— pass” insulation that combines excep- 


free copy of the new 
Klein Pocket Tool Guide. 


ASK YOUR SUPPLIER 
Foreign Distributor: International Standard Electric Corp., New York 


ees KLEIN & Sons 


1200 McCORMICK ROAD © CHICAGO 45. ILLINOIS 
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: Senctone ‘Model 222 Hearing / Aid is is completely self- contained and de- 
signed to be worn and supported entirely within the ear. Eight A-B 
Type TR, 1/10-watt resistors are used in the three-transistor amplifier. 


3 Times 
Fela itie] | 
size 


SPACE PROBLEM SOLVED 


wih ALLEN-BRADLEY 


Hot Molded Resistors 





Your space problem may seem impossible, but—try Allen-Bradley 
Type TR resistors. You'll be able to trim space requirements way 
down ... with no sacrifice in quality or reliability. These unbelievably 
small composition resistors are made by the same basic hot molding 
process as is used for the larger Allen-Bradley resistors . . . assuring 
complete freedom from catastrophic failures. The Type TR resistors 
have an insulating coating that will withstand a continuous maximum 
voltage of 200 volts d.c. 

Where higher ratings are needed . . . and quality is important... 
it’s still Allen-Bradley! These larger sizes have an insulating jacket 
that eliminates the need for impregnation . . . yet provides reliable 
protection against long periods of high humidity. 

Allen-Bradley makes other space-saving components, too . . . in- 
cluding hermetically sealed resistors, variable resistors, capacitors, and 
filter elements... all built to Allen-Bradley’s quality standards. For 
detailed specifications and application data send for Publication 6024. 


Allen-Bradley Co., 1309 S. First St., Milwaukee 4, Wis. 
In Canada: Allen-Bradley Canada Ltd., Galt, Ont. 


ALLEN-BRADLEY (43° 


Suwa —” 
ELECTRONIC COMPONENTS 
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Actual Sizes 


1/10-Watt 
resistor 


1/8-Watt resistor 
hermetically sealed 


1/4-Watt 

resistor 

1/4-Watt resistor 
hermetically sealed 


SMFO feed- 
thru filter 


Bare disc ceramic 
capacitors i 
& Type F—1/4-watt 


variable resistor 


Type G—1/2-watt ~ 
variable resistor : 





with Chassis-Trak slides 
chassis locks in seven positions 


With the touch of a finger on the han- 
dies of the chassis, it can be tilted up or 
down (45°, 90°, or 105°), and locked 
in any one of seven different positions. 

This means you can remove tubes or 
check circuitry on the chassis quickly 
and easily, even though the chassis is 
at the top or the bottom of the rack... 
and the chassis will not swing or move 
during servicing. It is firmly locked in 
position! A spring mechanism allows 
instant removal of the chassis for com- 
plete maintenance. 

Chassis-Trak slides are produced 
from cold rolled steel, and give smooth 
slide action because of a permanent- 
dry, dust-repellant phenol epoxy for- 
mulation . . . the more you use the 
slides, the smoother they operate. 

With the pencil-thin Chassis-Trak 
design, you can cut engineering costs, 
by mounting 17” chassis in standard 


19” racks. The slides (9 lengths, 10” 
to 24” supporting up to 275 lbs.), are 
available from stock, in either the 
“detent” model shown above, and the 
“‘basic’’ model, which tilts freely 
upwards but has no lock assembly. 
Chassis-Trak engineers will also cus- 
tom-build slides for any of your special 
installations. 


“Detent’’ model, locked in one 
of seven different positions. 


For further information, contact: 


_525 South Webster, Indianapolis 19, Indiana 


176 Circle 187 on page 17 


tional heat transfer characteristics with 
dielectric strength of 4500 vpm at 25 C. 
As a result, heat dissipation from re- 
sistance element is increased and a 
considerable reduction in size is possi- 
ble without derating. 

Available in solid or dual shaft con- 
struction in values from 1 ohm to 
15,000 ohms, linear taper. Ambient 
temperature range is —65 to +200 F. 
Centralab, Div. of Globe-Union, Inc.. 
900 East Keefe Ave., Milwaukee 1, 
Wisc. >564 





| PLUG-IN AUTOMATIC 
| GAIN CONTROL 
| Mounted on a plug-in printed circuit 


chassis 3.5 x 6.0 in., Model DLA-30 is 


designed to maintain constant servo 


loop gain for reference voltage varia- 
tions from 2 to 100 volts. 

Primarily applications 
where reference voltage is a variable 
parameter, where servo is 
switched from one loop to another, or 
where follow-up potentiometer is part 
of bridge circuit, the DLA-30 functions 
as variable plate load when used in 
conjunction with DLA-10 servo pre- 
amplifier. Electro Precision Corp., P. 


O. Box 669, Arkadelphia, Ark. 565 


useful in 


system 


LINEAR INSTRUMENT 
BEARING 


Linear bearings have wide application 
in many types of instruments, controls 
and other components where low-fric- 
tion linear motion is desired. 

Through passages between ball re- 
tainer and outer sleeve are in register 
with relief side of each ball circuit, 
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New silicone-treated insulations 


break the cost barrier 


New Type 31 and Type 32 Quinterra sheet insulations offer 
unusually good electrical properties at reduced «osts. 


Johns-Manville introduces... 


Type 31 and Type 32 Quinterra—100% purified 
asbestos with high silicone resin content 


A combination of 100° purified asbestos 
sheet and high silicone resin content gives 
these new lower-cost electrical insulations 
unusually high performance character- 
istics for Class. H equipment. 


Quinterra, the basic material, is in itself 


a “lasting” dielectric sheet of highly puri- 
fied asbestos, with fibers tightly and uni- 
formly matted. New silicone treatment 
achieves an unusually high dielectric 
strength of 600 Volts/Mil for the first 
time in lighter calipers . . . with high 
retention of this dielectric strength after 
prolonged temperature exposure. 


Both types feature high tensile strength 
and low moisture absorption factor of 
about 2% after 24-hour immersion. 


JULY 1958 


Type 31 Quinterra offers 
these additional advantages: 


3.5 and 4.5 Mils. 

. Extremely high 45-50°% resin content in 
both calipers. 

- High (600 Volts/Mil) dielectric strength 
in both calipers. 


- Two light calipers 


. High retention of dielectric strength after 
temperature exposure. 
Type 32 Quinterra offers 
these additional advantages: 


. New silicone resin for a combination of 


good electrical properties and superior 
saturating characteristics. 
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2. 
3. 


6.5, 9.5 and 15.0 Mils. 
Range of dielectric strengths from 600 
Volts/Mil in 6.5 Mil caliper; good dielec- 
tric in 15 Mil. 


Three calipers 


- Range of resin contents running from 


45-50%, in lighter caliper to 30% in 
the heavier 15-Mil sheet. 








For complete specification sheets, and 
samples of both these new low-cost 
Class H insulation materials, write 
Johns-Manville, Box 14, New York 
16, N. Y. In Canada, Port Credit, Ont. 
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Save time and money in your engineering department and 
on the assembly line. The inverter illustrated is one exam- 
ple of ERIE’s ability to produce subassemblies. 

ERIE has integrated facilities for producing electronic 
components, molded plastic parts, metal stampings, and 
printed wiring boards. Automated facilities for assembling 
and soldering assure low cost production. ERIE’s finan- 
cial soundness and proven reputation for quality provides 
an ideal source of supply for your Electro-Mechanical 
assemblies. 


Consult our Electro-Mechanical engineers or write for Bulletin 453-1, 


™ 
” ERIE RESISTOR CORPORATION 


N 


“ 
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permit cleaning solvents to be blown 
through to facilitate escape of dust 
particles from outside as well as in- 
side of retainer. 

Ball bushing INST-4812 has bore 
diam of 0.2500 in., +-0.0000, —0.0003. 
Nominal outside diam is 0.5000 
in., length 0.750 in. Weighs 0.02 lb and 
has rolling load rating of 13 Ib, static 
load rating of 22 lb. Thomson Indus- 
tries, Incorporated, Manhasset, New 
York. >566 


HIGH-TEMPERATURE 
MICROWAVE ABSORBER 
Eccosorb HT series of broadband ab- 
sorbers is useful from —70 to +1200 
F. Due to its high-temperature capabili- 
ty, absorber can be used where high 
power levels are involved. Finds par- 
ticular application for lining metal 
housings used to cap radiating antennas. 
Supplied in form of light weight uni- 
cellular foamed ceramic bricks which 


can be stacked on one another to pro- 
duce a self-supporting wall, or can be 
set into housing with mortar. 
Reflectivity is low when measured 
under free space conditions. Assures 
low vswr in antenna feed line when 
used in cap application. Emerson & 
Cuming, Inc., 869 Washington St., Can- 
ton, Mass. —>567 


DE-ACCELERATION 
MANIFOLD 

Manifold is designed for controlling 
large double-acting cylinders on auto- 
mated equipment requiring rapid 
movement plus precise, controllable 


7 


cushioning at any point on either or 
both strokes of cylinder. 

Consists of 2 Speed King 3-way NO 
pilot-operated. control valves and one 
Speed King 3-way directional flow 
pilot-operated control valve mounted on 
special cast aluminum manifold. 

NO valves, located at opposite ends 
of manifold, are connected to cylinder’s 
operating circuits and control regulated 
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GLOBE MODEL vs / D.C. MOTOR 
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NEW FLAT MOTOR / SMALLEST YET 


Globe Industries announces a new precision 
miniature d.c. motor, the smallest we have 
made. Like all Globe motors, it can be modi- 
fied easily and quickly to meet your electrical 
and mechanical requirements. It is called the 
VS, and takes its place with the SS, MM and 
LL in Globe's family of superb quality motors. 

The VS weighs 1% ozs., is %, in. thick. A 
breakthrough in miniaturization, it can deliver 
.2 0z. in. of torque at 10,000 rpm and is the 
first precision motor of its size available. Mul- 
tiple units can be gang-mounted in modules. 

The fastest way to get full technical data 
on the VS motor is to phone or write direct: 
Globe Industries, Inc., 1784 Stanley Avenue, 
Dayton 4, Ohio, Telephone BAldwin 2-3741. 
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THERMOSTATIC BIMETAL 


ACTUATES ANOTHER PRECISION PRODUCT 


THE 
DICTOGRAPH 


Fire Detective 








A Product of Fire Detective 
Inc., Subsidiary of The 
Dictograph Corporation 
Newark, N. J 


The Dictograph Fire Detective System is aimed at eliminating 
delay in the discovery of fire. This precision thermal detection unit 
is the heart of an automatic system which often makes it possible 
to put out fires with a hand extinguisher before there is sufficient 
heat to open sprinklers. The electronic system detects, notifies 
personnel on the premises, pinpoints location and sounds outside 
alarm. In reporting on the Thermal Detection Unit, The Under- 
writers’ Laboratories, Inc. stated, ‘‘The device is positive in action 
and adequately sensitive. No failures were encountered in any 
of the tests in which the device was subjected to heating and the 
action was prompt and positive.” The units are pre-set at either 
135°F. or 185°F. 


It’s good to know that where life and property are at stake, 
Chace Thermostatic Bimetal is specified as the actuating element 
in the Fire Detective System. But the confidence of manufacturers 
such as The Dictograph Corporation is not accepted casually. 
Precision thermostatic bimetal has been our exclusive business 
for over a third of a century and the development and processing 
of a better bimetal continues to be our sole objective. Our manu- 
facturing and inspection methods are rigidly controlled to assure 
our customers of a superior bimetal —and Chace will produce 
nothing else so long as there exists a demand for quality. 


So remember Chace when you, too, design for protection of life, 
valuable equipment or for temperature actuation or indication. 
Dependable Chace Thermostatic Bimetal is available in over 30 
types, in strip, coil or completely fabricated and assembled ele- 
ments to your design. Send for our new 1958 booklet, ‘Successful 
Applications of Chace Thermostatic Bimetal,”” containing many 
pages of design data. 


W. M. CHACE CO. 
Theunostalic Bimelal 


1608 BEARD AVE., DETROIT 9, MICH. 
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air pressure from separate sources. 
Pressure is balanced to hold cylinder 
piston at any position when both NO 
valve pilots are re-energized. Actuation 
of either NO valve exhausts its end of 
cylinder and exhaust pressure is routed 
through manifold to directional flow 
valve at center. Valvair Corp., 454 
Morgan Ave., Akron 11, Ohio. >568 


SOLID ELECTROLYTIC 
CAPACITORS 


Tantalytic capacitors rated to 50 volts 
d-c are suitable for use from —80 to 
+-85 C, show greater capacitance sta- 
bility over wider temperature range 


and improved retention of capacitance 
during life tests. 

With ratings to 4 yf 50 volts, ca- 
pacitors are suitable for use in minia- 
turized, transistorized circuits. Sizes 
range from 0.250 to 0.438 in. length by 
0.125 or 0.175 in diam. General Elec- 


tric Co., Schenectady 5, N. Y. ->569 


SLIDE ATTENUATORS 


Series 825 and 835 attenuators supplied 
with finger-fitting knob that moves in 
straight line and can be operated with 
max pressure of 4 oz. 

Protected against dirt and foreign 
objects and supplied with slider-type 


terminals on rear. Removable side plate 
permits access to contacts. 

Units take little space (11% in. wide, 
6 in. long and 2 in. deep), can be 
mounted on 1% in. centers. Require a 
1% in. slot, 4°4 in. long, in ¥% in. thick 
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For easily-installed, 
dependable voltage regulation 
use Sola 


FIVE constant voltage transformer types answer most stabilizing needs 


Sola Constant Voltage Plate-Filament Trans- 
formers replace ordinary, non-regulating power 
supply transformers and simplify conventional 
regulating circuitry. B & W Associates, for ex- 
ample, build in a Sola as the power supply transformer in 
their “Lie Detector” apparatus, as pictured above. B & W 
has found it to be a compact, economical solution to the 


& Filament*: Regulation +1% with input 
ar voltage fluctuations up to +15% 

6.3v output for large numbers of 
electron tubes . . . current-limiting 
action minimizes cold inrush cur- 
rents, also protects against damage 
from load faults . . . 75-80% efficiency. 


v 


Standard*: Constant Voltage Trans- 
formers for electrical and electronic 
equipment . . . regulation +1% 
response within 1.5 cycles . . . static- 
magnetic stabilizer . . . no tubes, mov- 
ing parts or manual adjustments .. . 
limits current on load faults. 


* Available from stock or custom-designed. 


problem of assuring proper operation of equipment, regard- 
less of varying supply voltages met in actual field use. 

One, simple, compact transformer regulates plate and 
filament voltages within +3% for input voltage variations 
between 100 and 130v. Other features: Isolation of input 
and output ... no tubes... response time of 1.5 cycles or 
less . . . no maintenance. 


Harmonic-Free*: Output voltage wave 
has less than 3% total rms harmonic 
content . . . other features identical 
with Standard Type . . . automatic, 
continuous regulation . . . for recti- 
fiers and other loads sensitive to 
harmonics . . . low external field. 


Adjustable, Harmonic-Free: Provides 
output adjustable from 0-130 volts ac, 
also fixed 115 volts ac . . . regulates 
within +1% with less than 3% total 
rms harmonic content . . . portable for 
lab or shop bench use, or mounts 
on 19” relay rack. 


For complete data write for Bulletin 6G CV-170 


Sola Electric Co., 4633 W. 16th St., Chicago 50, IlI., Bishop 2-1414 @ Offices in Principal cities @ In Canada, Sola Electric (Canada) Ltd., 24 Canmotor Ave., Toronto 14, Ont. 


SOLA | 
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Design better products with 


CULASTIL insulation 


Pees 


The main insulation of this 450 hp, 1200 
rpm “Silco-Flex” motor, built by Allis- 
Chalmers, consists of Silastic. This insulation 
system is not affected by extremes of heat 
or cold, is water repellent, resists the entrance 
of moisture and is unaffected by many 
chemical compounds and vapors. 


TYPICAL PROPERTIES OF SILASTIC 





« Temperature range, °C _. —90 to 250C 
* Tensile strength, psi 
« Elongation, % 150 to 450 
Insulation resistance, 
megohms /1000 ft 1000 to 3000 
Dielectric strength, volts /mil 300 to 500 


Dielectric constant, 102 
cycles per second, nominal 





In motors or other electrical equipment, insulation of 
Silastic®, the Dow Corning silicone rubber, will give your 
designs maximum reliability. Silastic retains excellent 
electrical and physical properties from —90 to 250 C, resists 
arcing, ozone, corona. It forms a resilient waterproof jacket 
that is unaffected by most corrosive atmospheres. Tapes and 
lead wire made with Silastic are widely used in equipment 
designed for high ambients and tough duty. Write for free 
booklet and list of suppliers offering insulating materials 
made from Silastic. 


If you consider ALL the properties of a silicone rubber, 
you'll specify SILASTIC. 


Dow Corning CORPORATION 
MIDLAND, MICHIGAN 
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Dow Corning Silicone Dielectrics 


ICONE-GLASS LAMINATES 
PROVE DESIGN AND PERFORMANCE 


Glass cloth bonded with Dow Corning silicone 
resin forms strong, lightweight laminates 
that retain excellent physical and dielectric 
properties at 250 C. Silicone-glass laminates 
have high arc resistance, low loss factor, low 
moisture absorption. They are machinable 
and easy to fabricate. Available from lead- 
ing laminators. 


Specified for 180C and 220C insu- 
lation systems, Dow Corning 997 
Varnish has over 50 times the 
dielectric life of the best Class B 
varnishes. Used for bonding and 
sealing entire assemblies or sep- 
arate units, silicone varnish 
exhibits good resistance to mois- 
ture, chemicals, corrosive atmos- 
pheres. Curing time, smoothness 
and abrasion resistance compare 
favorably with organic varnishes. 


@7” SILICONE 
VARNISH 
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HIGH 

TEMPERATURES, 
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ICONE COMPOUND FORMS 
OISTURE-PROOF DIELECTRIC SEAL 


Coated or packed around electrical connec- 
tions and similar components, Dow Corning 
3 Compound protects against moisture, 
corona, other hazards . . . eliminates flash- 
over, arcing and shorts caused by moisture 
leakage paths. It is effective from —75 to 
200 C. Nongumming, nonmelting and non- 
corrosive, 3 Compound easily adheres to most 


surfaces. Free sample available. 


oo 


AN Connector Terminals, Navy Helicopter. 


For further information on these products write Dept. 457 
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panel. Each unit has 2 mounting holes. 


MODERN Escutcheons to provide simplified 


mounting method are available. The 


ELECTRONIC Daven Co., 536 W. Mt. Pleasant Ave., 
Livingston, N.J. > 
ENGINEERING ition ” 


GIVES PRECISE 
GEARED FLEXIBLE COUPLING 
MOTOR SPEED Type MC coupling for shaft diameters 


CONTROL up to 1% in. is designed for transmit- 
ting electric motor power to pumps, 


1/1 00 enone 10 H. 2 generators, speed reducers. 


Coupling sleeve is one-piece design 
Modern industrial electronic en- :: : nal 


gineering has been coordinated 
with electric motor design to 


and coupling is enclosed in 2-piece 
5 


provide a versatile means for 
obtaining the full possible ad- 
vantage of speed control in DC 
motors while operated from the 
regular alternating current power 
line. Grid controlled “Thyratron” 
tubes are utilized for power con- 
trolled stepless variation to sup- 
ply motor armature power. 
Patented feedback, or “Servo” 
circuits provide constant torque 
capability over wide speed ranges 
of as high as 60 to 1 in some 
models and a minimum of 20 
to 1 in others. 


| metal cover, sealed to prevent loss of 

ccd DIV. of ELECTRO DEVICES, Inc lubricant or entry of contaminants. 
4 Godwin Ave. Paterson. N. J Special feature of coupling is use of 
spiral cam-locking fasteners which join 
__ Seale 196 en page 17 cover flanges. Fasteners are permanent- 
ly assembled as part of cover halves 
(there are no loose bolts and nuts) 
and require only quarter-turn for fas- 
tening or detaching. Link-Belt Co.., 
Prudential Plaza, Chicago 1. Ill.->57) 


ALL-TEFLON SHAFT SEAL 

Type 20 bellows-type end-face shaft 
seal, in which only chemically inert 
Teflon is exposed to the liquid being 
sealed, is designed for use where: (1) 
potent chemicals increase corrosion 
rate of seal parts normally made of 


ek? es 2 fx : | 
by , “ metal to point where seal life is ma- 
terially shortened; and (2) chemicals 
prone to crystallization will sometimes 
ide) inhibit flexibility of a shaft seal. 


Main sealing member is bellows of 


Pm ey) PA Oe Oe AN OD | iin facet filled. Tellon. Sealing 
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The story is in 
these two bulletins: 
Small zinc alloy die castings exclusively Zine Alloy 


Injection molded tiny NYLON (other plastic) parts in quantities from 
GRC exclusive patented techniques guarantee precise 100,000 to millions, 

- ‘ : max. size 134”, 2 oz. 
tolerances and uniform quality . . . offer broad design Plastic from 25,00 





flexibility. GRC saves, too, by doing it in one high-speed max. size 11/4”, .03 oz 
operation . . . no trimming, no assembly, no scrap loss NO SIZE TOO SMALL! 
That's why the BIGGEST PART of our business 

is the LITTLE PART. . . in the product you make 


Write, wire or phone TODAY for these bulletins. 
Better still send your prints for quotation. 


GRIES REPRODUCER CORP. 
W orld’s Foremost Producer of Small Die Castings aR Z 
149 Beechwood Ave., New Rochelle, New York * NEw Rochelle 3-8600 
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Republic Silicon Steel Uniformity 
Helps Meet 


Profitable production of laminated silicon steel 
cores for your products requires top-speed punch 
press operations. However, equally important are 
minimum rejects and interruptions to replace worn 
dies. Republic Cold Reduced Silicon Steels, 
because they provide maximum uniformity, enable 
you to meet all of these production objectives. 
Republic can assure superior uniformity in every 
grade of silicon steel for several reasons. For exam- 
ple, grades are initially set up by closely controlling 
open hearth operations and additions to the ladle. 
At the end of all processing, final tests are applied 
to verify that any given grade is exactly as planned. 
Result is magnetic, electrical, and mechanical 
predictability from shipment to shipment. 


Of all the steps required in the manufacture of 
Republic Silicon Steel, none is more impor- 
tant than continuous annealing. This process, 


REPUBLIC 


pioneered by Republic, is carried out under full 
electronic control of heat, atmosphere, and timing. 
Magnetic and mechanical uniformity are assured 
from edge to edge and end to end of each coil. 
Moreover, any required slitting of the coil is done 
before final annealing to provide maximum freedom 
from cold work. This sequence of operations 
remains the same whether you specify full- or 
semi-processed Republic Silicon Steel. 


Finally, Republic maintains a complete labora- 
tory adjacent to the continuous annealing line to 
permit testing before, during, and after processing. 
Republic Silicon Steels are produced with “‘cus- 
tom” precision at mass production rates. 


For complete information on Republic Silicon 
Steels, contact your nearest Republic office, or 
write Republic Steel Corporation, Dept. EM-6021, 
1441 Republic Building, Cleveland 1, Ohio. 


STEEL © 


Woltld Wider Range of Standard, Sols aud, SCC Pode 
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These Nickel alloy experts 
CAN HELP YOU PRODUCE 
A BETTER PRODUCT 


Proper selection and use of the Nickel alloys is an exciting challenge 
to the skills of Riverside-Alloy’s technical service people. And the 
sum of these skills is available to you—at any time—simply by 
picking up the telephone. 


Riverside-Alloy engineers will work closely with you in choosing 
the Nickel alloy best suited for your product, analyzing not only 
the application, but the fabrication problems, as well. Only then 
will they recommend a Riverside-Alloy Nickel with the precise 
properties of temper and toughness, of fatigue and corrosion resistance 
you require. And they’ll supply it in the form you need, too, from 
a complete variety of strips, wires and rods. 


For a free, detailed handbook of Riverside- 
Alloy Nickel alloys, write on your letter- 
head to ALLOY METAL WIRE WORKS, 
RIVERSIDE-ALLOY METAL DIVISION, 
H. K. PORTER COMPANY, INC., 
RIVERSIDE, N. J. 


H.K. PORTER COMPANY. INC. 


RIVERSIDE-ALLOY METAL DIVISION | 
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face material and opposed mating face 
material can be varied to suit specific 
liquids, temperatures and _ pressures. 
Even the springs which maintain con- 
tact of sealing faces are Teflon-sleeved, 
so that no metal is exposed to the liquid. 
Crane Packing Co., 6400 Oakton St., 
Morton Grove. III. >572 


SUBMINIATURE NEON LAMP 
NEEDS NO SERIES RESISTOR 


NE2R lamp eliminates need for series 
resistor or external ballast of any kind. 
Accomplished by incorporating current 


control as integral part of internal lamp 
structure. 

Measures only 14 in. diam by less 
than 1 in. in length. Has midget flange 
base and will be interchangeable in 
many assemblies and sockets with Cir- 
con NE2C, NE2D and NE2E and in- 
candescent lamp numbers 327, 328, 
330, 331 and 338. 

Has long life with average expectancy 
in excess of 25,000 hr. Operation is 
cold and generates practically no heat. 
Power consumption 0.1 w with design 
current of only 1 ma. Circon Com- 
ponent Corp., Santa Barbara Munic- 
ipal Airport, Goleta, Calif. ->573 


UHF SOCKET FOR 
CERAMIC TRIODE NO. 7077 


Socket (Catalog No. 8640) for micro- 
miniature ceramic titanium triode, G.E. 
No. 7077, provides good isolation of 
input from output in lumped constant 
circuits by clamping grid element of 
tube directly onto chassis barrier. 
Contacts to cathode and to anode 
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Cutler-Hammer presents ULTRAFLEX 


the spectacular STATIC POUWEH 
Adjustable Speed Packaged Urives 


fom tek sl, fem Vag} 


Cutler-Hammer Ultraflex Packaged Drives 





provide outstanding savings in 


installation, operation, and maintenance 


Ultraflex Packaged Drives offer new oppor- 
tunities for quick, cost-cutting installations. 
Light, compact static power conversion com- 
ponents have replaced the conventional m-g 
set resulting in substantial savings in size and 
weight. Ultraflex Packaged Drives save up to 
50% in valuable floor area...up to 75% in 
weight. Ultraflex units require no balancing 
or alignment attention during installation. 

Ultraflex Packaged Drives provide a new 
high standard of operational efficiency, ultra- 
responsive speed control, ultra-precise speed 
regulation. Exclusive Ultraflex static power 
conversion systems guarantee greater effi- 
ciency than ever possible with conventional 
drives. Every Ultraflex Packaged Drive works 
perfectly without forced ventilation which 
means less power is consumed as unwanted 
heat. Also, Ultraflex Packaged Drives are 
noise and vibration free. 

Dependable, maintenance-free performance 
is one of the most outstanding achievements 
of the all new Cutler-Hammer Ultraflex Pack- 
aged Drives. With Ultraflex Static Power 
Conversion Systems there are no bearings to 
lubricate. There are no commutators to 
service, no brushes to replace. There are no 
shafts to align, no couplings to maintain, no 
inertia loads to balance. There are no venti- 
lation fans, no filters to clean or change. 

Cutler-Hammer Ultraflex Packaged Drives 
are available in two forms... Ultraflex E— 
the 1 to 40 hp, low cost electronic type adjust- 
ULTRAFLEX ¢ € 25 hp ULTRAFLEX ¢ #f 100 hp able speed drive and Ultraflex M—the 1 to 

200 hp, ultra-efficient magnetic amplifier type 
— — adjustable speed — ten forms come 
complete with the Ultraflex control unit, 
CUTLER-HAMMER heavy-duty D-c drive motor and operator’s 
control station. For detailed information, 
roel he -to}) a —— write today on your company letterhead for 
Y new descriptive bulletins EN64- Ultraflex E 
and EN65- Ultraflex M. 


CUTLER-HAMMER Inc.,1264 St. PaulAve., 
Milwaukee 1, Wisconsin. 
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char YOUR SOURCE FOR 
MAGNETIC AMPLIFIERS 


errr" TOROIDAL INDUCTORS 


FILTERS 


Made to your 
«most rigid requirements 


Years of Experience manufacturing Magnetic Amplifiers 


Proved Engineering 


Ask 
Competitive in Price on your specific 
requirements. 


Quality Control We can solve any 
Magnetic Amplifier 
Rapid Delivery ae 


Prototype Design — Mass Production 


402 East Gutierrez Street — 
P.O. Box 1500 
_. Santa Barbara, California sy. 
- Telephone WOodland 5-4511 _ _- 
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have large area with over 180 deg 
wrap-around contact. Improved heater 
contacts provide good wiping contact 
and easier insertion of tube. All con- 
tacts notched for easy connection to 
associated circuitry. Tube may be re 
moved from socket by removal of one 
screw. Jettron Products, Route 10, 
Hanover, N. J. >574 


ELECTRO-HYDRAULIC 
SERVO VALVES 


Series 5214 flow control valves are for 
use as guidance or control transfer 
units where high speed response with 
low power output is required. Simpli- 


A 
> 
oe 


h, 


fied direct drive and dry torque motor 
design provides reliable servo valve 
with flow outputs to one gpm. 

Models available for operation at 
pressures to 3000 psi, flows to one gpm, 
fluid temperatures from —65 to 180 F 
and ambient temperatures from 65 
to 250 F. Have natural frequency of 
350 cps and 90 deg phase lag occurs 
at 300 cps. Internal leakage less than 
15 cu in. per min. Lear, Inc., Lear- 
Romec Div., Elyria, Ohio. >575 


TRI-AXIAL ACCELEROMETERS 
Line of tri-axial accelerometers has 
been designed to measure shock and 
vibration in 3 mutually-perpendicular 
directions simultaneously. 

Standard 400-TX and miniature 500- 
TX series accelerometers employ piezo- 
electric ceramics in compression for 
sensing element. Sensitivities up to 27 
mv per g are available to provide re- 
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PARKER-KALON DIVISION, Genera/ American Transportation Corporation, Clifton, New Jersey 


For the first time in fastener 
history —Parker-Kalon intro- 
‘duces Self-tapping screws 
THREADED FULL TO THE HEAD 


| ... THE LAST THREAD ACTUALLY 


i 


TERMINATING IN AN ANNULAR 
ORIFICE IN THE HEAD ITSELF 
. . . the new P-K “Hi-thred’’ 
fastener! 


It’s a completely new idea in 


fasteners—a screw that reduces | 


annoying and costly slow- 
downs—holds securely without 
spinning or slipping—even in 
very thin gage metal sheets. 


JULY 1958 


PARKER-KALON 


Self-tapping Screws 
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Compare the new P-K® “Hi- 
thred” with any conventional 
fastener. See for yourself the 
incomplete last thread on ordi- 
nary screws. Then see how the 
revolutionary P-K “Hi-thred’’ 
is constructed to give you firm, . 
dependable fastening right to 
the head of the screw. 


You can obtain samples from 
your nearby Industrial Supply 
Distributor, or write direct to 
P-K. “Hi-thred” fasteners are 
available in Types “‘A”’ and 
“Z”’ in production quantities in 
non-countersunk head styles. 





MODEL B 

1/80 H.P. to 1/35 H.P. 
4-pole, 4-coil shaded pole 
AC induction type 


... for a standard line of motors 
adaptable to hundreds 
of applications 


MODEL A 
1/500 H.P. to 
1/45 H.P. 2-pole 
shaded pole 
AC induction type 


MODEL H 
1/550 H.P. to 
1/50 H.P. 2-pole 
shaded pole 
AC induction type 


MODEL D 
1/90 H.P. to 
1/45 H.P. 4-pole, 
4-coil shaded pole 
AC induction type 


YOU CAN ALWAYS 


RELY on GI 


Fractional H. P. Motors 


General Industries’ standard line of motors 
is adaptable, with slight variations, to 
literally thousands of applications. This 
means that your motor requirements can 
most likely be met without additional time- 
consuming engineering. 

If you are currently using fractional horse- 
power motors, or are planning a product 
that calls for their use, phone or write 
General Industries. We’ll gladly make 
recommendations — without obligation. 


Write today for catalog sheet and quantity-price quotat 


THE GENERAL INDUSTRIES co. 


pert. GL 





ELYRIA, OHIO 
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sponse from 0.03 to 40,000 g. Natural 
frequencies range from 20 to 35 ke for 
frequency coverage from 1 cps to 12 ke. 
Upper temperature limits of 200 or 540 
F optional. Weight range from 13 to 60 
grams. Columbia Research Labora- 
tories, MacDade Blvd. & Bullens Lane, 
Woodlyn, Pa. >516 


MAGNETOSTRICTIVE 
FERRITES 


Types N-50 and N-51 ferrites exhibit 
desirable properties for microwave and 
other diversified applications. 

Type N-50, designed for use in elec- 
tro-mechanical filters, features low 


temperature coefficient with resonant 
frequency change of less than 35 cycles 
per megacycle per deg C over range 
—40 to +85 C. Type N-51, useful in 
transducers, is suited for hydrophones 
and devices requiring low power, can 
withstand max of 10 watts per sq cm 
of radiating surface. Kearfott Co., Inc., 
1378 Main Ave., Clifton, N. J. ->577 


MASS CASTING RESIN 


Mass casting resin Epocast 202 
and hardener D-40 may be cast into 
large, transparent blocks weighing 
hundreds of pounds without internal 


bubbles or generation of excessive heat 
during cure. 

Cured product shows good resistance 
to thermal shock, a property particu- 
larly valuable in potting and encap- 
sulating large, complicated electronic 
component assemblies. Photograph 
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TEST VOLTAGE 


| x Pa] 2 


AWG SIZES 


A girl has to 


think about Magnet Wire 


and specifications and things...” 


e 


*...1 mean, really! Maybe you think that’s 
too deep for an average housewife like me. But 
let me ask you, who’s got the most to lose if 
magnet wire doesn’t have the proper dielectric 
strength? Yours truly, that’s who! Who suffers 
if the temperature and abrasion resistance isn’t 
up there? Who but us, with all our appliances? 

“T just wish we housewives could pick the 
magnet wire that goes into the motors and coils 


of every one of these things. I mean, really! 
Because I'd pick Roebling Magnet Wire. It’s 
always way higher than the NEMA Specifications. 
And if you think that’s not important to a girl...!” 
Electrical Wire Division, John A. Roebling’s Sons 
Corporation, Trenton 2, N. J. 


ROEBLING ¢é) 


Branch Offices in Principal Cities 
Subsidiary of The Colorado Fuel and Iron Corporation 





ACRO 


Push Button Switches 


RD-1P-1S 
Basic switch for 
‘ . loads to 15 amps. 
M Switches in one. 125-250 vA.C. 
10 amps. 125 v A.C W546" L x Me’ W 
1% ‘Lx %'' WwW x1%''H 
x 2”'H : 


216-0014 
Three split contact circuits in Low-cost two pole “open” type. 
subminiature size. 10 amps. 10 amps. 125 v A.C. 
115 v A.C. 25%42"" L x 5564’ W Hh’ tx hk’ Wri 
“ x 19364" H 


ACRO 
Push Button Switches 
{rolling spring type) are 
available in a wide range 
of sizes, shapes and up to 
3 circuits. Choice of contacts 


permits use in low voltage or milli-amp | 


circuits. Open or enclosed ... with 
3DO5-SP | or without overtravel button 
L SPST switch with optional overtravel ... threaded sleeve for 
and choice of terminals. panel mounting. 


1544"" Dia. x 1"%"" H : 


CONTROLS COMPA 


Wr Contrets 


ACRO DIVISION < Columbus 16, Ohio 


fs In Canada: Robertshaw-Fulton Controls (Canada) Ltd., Toronto 
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been completely impregnated and pot- 
ted in Epocast 202 and hardener D- 
40. Furane Plastics, Inc., 4516 Brazil 
St., Los Angeles 39, Calif. 578 


TRANSISTORIZED 


| ELECTRONIC TIMERS 


Two series are offered with time delays 
ranging from 50 millisec to 60 sec. 
Operating voltage for either type is 18 
to 30 volts d-c, although operation on 
a-c voltages is available. 

Miniature style, 31200 Series. can be 
provided with contact arrangements up 


to 4PDT. Cross section of unit is 
l‘ig x 1*!42 in., length is 2'4 in. Weight 
approximately 6 oz; will withstand 
vibrations up to 500 cps at 10 g. 
Subminiature style, 31300 Series, 
can be supplied with contact arrange- 
ments up to DPDT. Cross section is 
3leo x 1%16 in., length is 24% in. Can 
withstand vibrations up to 2000 cps at 
10 g. Weight approximately 3 oz. The 


A. W. Havdon Co., Waterbury 20, 
Conn. ->579 


| QUICK ADJUSTING LEADS 
_ BENDER 


| No. 700 component-leads bending-block 
| is fast-setting guage for bending com- 


ponent lead wires so they will register 


| accurately with holes in printed circuit 


panel boards. Purpose is to provide in- 


expensive and fast means for avoiding 
plier damage to components and their 
leads, and to prevent wire lead distor- 
tion and out of line or twisted com- 
ponents on assembled printed circuit 
panel. 

Can be adjusted to body length of 
any component measuring from 0 to 


134 in. long. Adjustable sliding jaw 


| can be securely locked in position with 


knurled head thumb screw. After jaw 
is set to body size of component, wedge 
end of tool is positioned between 2 


| terminal holes on printed circuit panel 
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AMPli-var splices 
can be used on 

solid or stranded 
conductors, or 
combinations thereof. 


\| 
« 
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ae 


The NEW AMPli-var splice 


for identical, mass produced splices of 
enamel, poly-vinyl acetal and similarly coated wire 


The cutaway of the AMPIli-var splice shows how the conductor material and serra- 
tions are bonded by extrusion for added strength and electrical contact. The splice 
is as corrosion resistant as the wire itself. 


The AMP Horizontal Automachine . . . ideal for assembly line production . . . uses 
AMPli-var splice connectors in strip form, for automatic splicing as fast as the 
operator can insert the wires. 

AMPli-var splices, with multiple ring stripping action, eliminate scraping, dis- 
solving in solvents, burning, or other methods for removing insulation. Included 
among its many other features are: 

NO HEAT DAMAGE TO WIRE OR INSULATION—as often occurs in alternate methods of 
splicing. 

SMALL SiZE—scarcely larger than the wires themselves, but design-engineered to 
lock wire and connector into a high tensile strength splice. 

CORROSION RESISTANT—the joint is hermetically sealed during splicing. 

LOWER INSTALLED Costs—eliminates soldering materials and equipment .. . requires 
less wire . . . reduces time required to make the splice. 


Further information is available on request. 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


A-MP products and engineering assistance are available through wholly-owned subsidiaries in: CanadaeEnglandeFranceeHollande Japan 
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Strippit Punching and Notching 
Units are easily mounted to 
templates, T-slotted plates or rails 
in unlimited patterns for long 
press runs or quick-change pilot 
runs. Complete range of 
standard tools, or “specials” 
made up on request. 


aii 
uth 


fits your design- 
keeps costs in line! 


> 


STRIPPITrnutipte 


punching and notching 


THE ABOVE CUTAWAY of a Strippit Punching Unit - 
one of a wide selection for flats, structurals and extrusions 
up to 34” mild steel — illustrates the extreme flexibility, 
high production and economy of the Strippit system. 


NOTE THAT each unit is complete with punch, die button, 
stripping guide. guide button, lifter assembly and retainers - 
all quickly interchangeable in a husky holder and actuated 

by the press ram. Multiple punching — and notching — press 
setups are easily bench-assembled on drilled mounting 
templates, with each unit accurately located by the pilot pin 

in its base. Press down-time is almost negligible in setups 

of Strippit Punching Units, Notching Units, Punch and Die 
Assemblies or combinations of all three. 


Write today for full details and if you wish, a demonstration 
on your work at your plant by a Strippit mobile unit. 


Warehouse stocks in Chicago and Los Angeles. 


HO 


waze 9 TRIPPITeomeany 


222 Buell Road, Akron, New York 


Manufactured in Canada by Strippit Tool and Machine Limited, Brampton, Ontario 
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to determine exact spacing for bends. 
By-Buk Co., 4314 W. Pico Blvd., Los 
Angeles 19, Calif. —>580 


ENCAPSULATED VARIABLE 
TOROID 
Developed for printed circuit applica- 
tions, variable toroid is hermetically- 
sealed, with no physical contact between 
adjusting screw and toroid itself. 
Stepless adjustment of inductance 
over a 10 per cent range is provided; 
torque adjustment is such as to pre- 


clude possible strain on printed circuit 
mounting. 

Weighing approximately 15 oz, the 
ATE-11 and ATE-12 will find applica- 
tion in guided missile and_ similar 
miniaturization fields. Burnell & Co.., 
Inc.. 45 Warburton Ave., Yonkers 2. 
eS >581 


HIGH POWER AMPLIFIER 
KLYSTRON 


External-cavity klystron covers 1700 to 
2400 mc range. Tube 4KM50.000SG is 
rated at 10 kw cw power output with 
less than 1 w drive—a power gain of 


ll oe 


a J 


10,000 times at an efficiency of 35 to 40 
per cent. 

Incorporates modulating anode which 
allows continuously variable control 
of power applied to tube, also permits 
shaped-pulse and amplitude modula- 
tion, as well as cw operation. Eitel-Mc- 
Cullough, Inc., 798 San Mateo Ave.. 
San Bruno, Calif. —>582 


ROTATING CAM LIMIT 
SWITCH 


A high speed rating of up to 400 rpm 
is applied to this limit switch. Features 
flexibility of adjustable cam lobe as- 
semblies, easy accessibility and com- 
pactness. 

One type of cam can be adjusted to 
meet all requirements by loosening 
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New program timer features complete adjustability 


In many applications, a timer has a 
“standard” job to do throughout its 
expected life, never requiring a change 
of timing sequence. But in many others, 
it’s desirable to be able to change the 
timing sequence and the intervals mak- 
ing up the sequence in acomplete cycle. 


The new Cramer Type 511 and Type 
521 Cycling Timers fill the bill for a 
unit combining high accuracy with 
complete field adjustability of as many 
as eight individual timed intervals. 
Although these timers can be supplied 
with preset cams to fit the needs of a 
present application, the added feature 
of adjustability makes them the ideal 
choice where the timing sequence may 
later be changed. 


Operation 


Applying power through an external 
sustained contact starts the timer, which 
continues to cycle until the control con- 
tact is broken. Full cycle time is the 
total time range of the timer specified, 
and may be selected from a large num- 
ber of available ranges. If desired, the 
timer can be wired to perform one 
cycle and stop. 


At the start of each cycle, the snap-act- 
ing SPDT load switches are in the ini- 
tial positions specified (or established 
through adjustment) by the user. As 


THREE MORE WAYS TO SOLVE YO 


VARIABLE-CYCLE PULSE TIMER TYPE 650 
Makes or breaks an electrical circuit for 
a fixed period or “pulse” of “2 second to 
12% hours, at continuously repeated in- 
tervals that are adjustable from 34 second 
to 24 hours. By choice of load connection, 
control can be based either on the fixed 
pulse time or on the adjustable interval 
between pulses. Cycling period can easily 
be changed during operation. 


the cycle progresses, each load switch 
is transferred by its operating cam to 
open or close its connected circuit at 
the required time and for the required 
duration. 


Timing Cam Adjustment 
Each SPDT switch is operated by a 


double cam, one section to close the 
switch to one contact, the other to 
close it to the opposite contact. Depend- 
ing on circuit wiring, either of these 
actions can “make” or “break” the 
load circuit. Each section of each cam 
is independently adjustable through a 
full 180°, without disturbing any other 
cam setting, by means of a small span- 
ner wrench furnished with the unit. 
Adjustment is indicated on a dial which 
is marked ‘in percent of total cycle 
time, permitting accurate selection of 
the desired “make” and “break” points 
for each load switch. 


Features 


TIME RANGES — From | cycle in 6 seconds 
to | cycle in 48 hours. 


LOAD CIRCUITS — From | to 3 (Type 511) 
or from 4 to 8 (Type 521), each con- 
trolled by a totally-enclosed quick-make 
quick-break SPDT switch rated for 20 
amperes at 125 or 250 volts AC (non- 
inductive ). 


ADJUSTABLE PERCENTAGE TIMER TYPE 610 
Makes or breaks an electrical circuit for 
a variable percentage of a basic fixed cycle 
time. Desired percentage of total cycle 
time, for ON or OFF control of the timed 
device, is adjustable from 4% to 96% in 
steps of 1%. Total cycle-time ranges from 
15 seconds to 24 hours. Internal connec- 
tions can easily be arranged so that the 
load circuit is either closed or open for 
the indicated percentage of the full cycle. 


R Ti 


| 
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Field-Adjustable Program Timer Type 521 


OPERATING TIME — Minimum operating 
time for each circuit is approximately 
1/30 of total cycle time. 

ACCURACY — At operating point of any 
one circuit, 142°; between any two cir- 
cuits, 3°. 


MOTOR — Cramer high-torque synchro- 
nous, for 115 and 230 volts, 25, 50 and 60 
cycles. Motors for operation on DC or at 
other frequencies are available in limited 
time ranges. 

For detailed information and complete 
specifications, write Cramer Controls 
Corporation, Box 8, Centerbrook, Conn. 


MING PROBLEMS 


been 


& 


CYCLING TIMER TYPE 571 
Provides reliable and inexpensive control 
of repetitive switching for built-in appli- 
cations. One through four poles, SPST or 
SPDT open-blade switches with contacts 
rated at 30 amperes, each controlled by a 
timing cam specially cut to user’s require- 
ments. 18 standard speeds from 1 rpm to 
¥g rpd, plus many special time ranges. 


CRAMER CONTROLS 


JULY 1958 


CORPORATION 


Box 8, Centerbrook, Connecticut 
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“lhe 
TIMER RELAY 
that handles all oc 
controlled timing ; ENERGIZED 


problems ... 


% No false contacts 

% Non sticking 

% Practically "fail safe" 
%* Low cost timer 


Durakool 


STEEL MERCURY TIMERS 


This steel clad, factory set, tamper 
proof Durakool timer-relay is prac- 
tically non-breakable. Operating life 
multiplied 5 to 6 times by new 
plunger construction features. Com- 
binations of operate-release time de- 
lays from 0.15 sec. to 20 sec.—either 
normally open or normally closed 
action, 


COIL 
DE-ENERGIZED 


See telephone directory for local distributor, or write. 


DURAKOOL, INC. 


ELKHART, INDIANA, U.S.A. 
700 WESTON RD., TORONTO 9, CANADA 
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NEW GATE-FOLD INSERT 
SPEEDS INQUIRY CHECKING! 


| 























H ere’s a new way to use the ELecrricar 
MANUFACTURING Reader Inquiry post cards on 
pages 17-20. Simply pull out the folded insert 
so that the numbered post cards overhang the 
left side of magazine. Keep the insert spread 
out as you page through the issue. Circle the 
items you want as you go along. Try it! You'll 
find it a real time-saver . . . also can serve 
as a handy book-mark. 


screw and rotating cams relative to 
each other to desired position. Con- 
tinuous range of open and closed cir- 
cuits can be obtained from 360 deg 
down to approximately 8 deg. 

SPDT switch contacts have 15 amp 
rating at 115 volts and 5 amp at 440 
volts; circuits are electrically separate. 
NEMA 7 enclosure of cast aluminum: 
also provided in cast iron. Available in 
NEMA types 1, 4, 5, 7 and 12 en- 
closures, 2 through 12 circuits, high and 
low speeds. Gemco Electric Co., 25685 
West Eight Mile Road. Detroit 40, 
Mich. >583 


SAMPLING SWITCH 


Solid-state commutator has 45 non- 
shorting channels sampled 20 times 
per sec. Accepts signals from 0 to 4-5 
volts d-c and produces a train of noise- 
free PAM waveforms with rise and fall 
times not exceeding 0.5 per cent of full 


e\ 


scale pulse. “On” time continuously 
adjustable from 100 to 0 per cent of 
duty cycle. 

Package measures 2°, x 35% x 6 in.; 
weighs less than 214 lb; requires less 
than 3.0 w at 28 volts d-c. With source 
impedances as low at 5 k. conversion 
accuracy +-0.5 per cent of full scale. 
General Devices, Inc., P.O. Box 2°53. 
Princeton, N. J. >584 


LINEAR MOTION 
POTENTIOMETER HAS SELF- 
ALIGNING SHAFT 

Model 156 ALIGN-O-POT has a float- 
ing shaft which permits wide area of 
movement for actuating member. Thus, 
bending loads and vibratory motion 
on shaft are eliminated. Floating shaft 
securely connected to wiper assembly, 


(Continued on page 200) 
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4 PF, 


faced with 2 tc ugh design 124 Qblem 7 


ALUMINA CERAMICS 
may be the answer/ 


For exacting applications, your chances 
are better with AlSiMag because more special- 
characteristic Aluminas are available here than 
from any other source. You benefit from extra 
know-how" . . . years of experience in pro- 
ducing simple and complicated Alumina parts 
in a broad range of shapes and sizes . . . plus 
equipment for rapid delivery in any quantity. 
Precision tolerances. Prototypes before tool- 
ing, if you like. 


Advantages like these give you greater free- 
dom: Tensile strengths up to 25,000 Ibs./sq. in. 
Compressive strengths up to 420,000 Ibs./sq. 
in. Flexural strengths up to 62,000 Ibs./sq. in. 
Superior electrical characteristics. Safe opera- 
tion at continuous temperatures up to 2952° F. 
Loss factors as low as .0074 at 10,000 MC. 


Not all applications need such advanced 
properties. A standard AlSiMag material—from 
the industry's widest selection—may meet your 
specifications, Let us help match your require- 
ments to the AlSiMag material that will do the 
job at lowest cost. Premium AlSiMag Aluminas 
will be suggested only where superior perform- 
ance is needed. Send blueprint or sketch with 
details of operating conditions. 








wmntiee. By AIMERICAN LAVA [cassnoocs «rem. 
Manufacturing Company Boe Cc re) Re ~ oO R A T | Oo N 56TH YEAR OF CERAMIC LEADERSHIP 


For service, contact American Laya representatives in Offices of Minnesota Min’ & Manufacturing Co. in these cities ( your local telephone directory) : 
Atlanta, Ga. ¢ Boston: Newton Center, Mass. ¢ Buffalo, N. Y. © Chicago: beaten Park, Ifl. e Cincinnati, 0, ¢ Cleveland, ©. @ Dallas, Texas ¢ Detroit Maen 
. eh Foes, ‘ G7 po oe Ma : cad ve Ce ah Pico ay Pa. @ St. Louis, Mo, ¢ St. Paul, Minn. « So. San Francisco, Cal. ¢ Seattle 

as anada: Minnesota Minin anufacturing of Canad yy P.O. i : Mi ini i : 
Minratianat Ditton 0 tock ray New Yor. ry. a, , London, Ontario. All other expert: Minnesota Mining G Manufacturing Co., 
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MAKE 


Welded aluminum joints are posi- 
tive and reliable and successfully 
resist corrosion and vibration. 
(Photo courtesy of Allis-Chalmers 
Mfg. Company.) 


These applications 


demonstrate the ease with 


which high-conductivity 


electrical joints can be made. 


Ultrasonic welding. Newest of 
the techniques for joining alumi- 
num, it offers great promise in 
many applications. 


IT OF ALCOA ALUMINUM BECAUSE... 


Operated by hydraulic pres- 
sure, this tool is applying a good, 
sound compression joint to 
stranded conductor. 
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Numerous joining methods offer excellent service when 
joining aluminum for electrical use. The most important 
for electrical service are compression joining, bolting, 
soldering, brazing and welding. The choice depends on 
a variety of factors that must be considered by the 
designers and engineers who are doing the job. Equip- 
ment available, location of the joints, shape or size of 
the work, on-the-job or shop fabrication, all will have a 
direct bearing on the proper choice of method. There 
may be a choice of methods, but the choice of material 
is obvious—use aluminum. You’ll save money. 


Compression Joining— Excellent results are obtained 
by compressing aluminum fittings around the aluminum 
conductor to be joined. Special joint compounds are 
available to break down the natural oxide film. This 
penetration of the oxide film assures a good connection. 
Compression joining is effective in joining aluminum to 
copper, as well as aluminum to aluminum. 
Bolting—Bolting offers an excellent means to attain 
low-resistance electrical joints. In a bolted connection, 
it is important that sufficient contact pressure be main- 
tained. Aluminum nuts, bolts and washers are available 
for this type of service. Special electrical joint compound 
assures full exposure of bare metal and continues to 
protect the joint in service. 

Soldering— Aluminum is easy to solder. Slightly differ- 
ent techniques are employed than with conventional 
soldering, but once learned, there is no difficulty. Solders 
for aluminum are available in either soft or hard types. 
Welding—Practical welding processes include: gas, 
metal-arc, inert-gas shielded-arc, spot, resistance butt, 
flash butt, ultrasonic and cold welding. The nature of 
the job will best determine which method should be 
used. The latest developments in welding techniques 
have made aluminum as easy to weld as other metals. 
A special process makes aluminum-copper transition 


joints quite practical. 


Alcoa wants you to take advantage of the ease with 
which aluminum may be joined in the products you 
design and build. There’s a sales engineer near you who 
can offer competent advice. He’ll be pleased to put the 
talents of Alcoa’s Process Development Laboratory at 
your service. Look in the Yellow Pages of your telephone 
book under “‘Aluminum,”’ or write to Aluminum Com- 
pany of America, 2315-G Alcoa Building, Pittsburgh 
19, Pennsylvania. 





a a % Your Guide to the Best 
in Aluminum Value 


ALCOA ©. Ga 
ALU AAINU AA ww 
ELECTRICAL CONDUCTORS “ALCOA THEATRE” 


AND ACCESSORIES 
ALUMINUM COMPANY OF AMERICA Exciting Adventure 
a Alternate Monday Evenings 


es 





Thermite welding. The parts to Bolted connections are simple Dip brazing offers a convenient 
be joined are set in a graphite and effective. Proper use of elec- production method of joining alu- 
mold and a thermal reaction is trical joint compound assures minum parts. Joints are perma- 
set off. Cadweld-Erico process performance and protection. nent and strong. 

illustrated. 
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SMALLEST OF SMALL 


COMMUTATORS... 


Nippert miniatures open new | 
possibilities for designers 


015 MICA 


af 
} - 


-375 





+ .010 
-300 |, 


. 360 ; 
d/ RECOMMEND 

J St ON ARM 3 
47 -: ‘ 


-1260 * 
- F— 1270 BROACH 


RECOMMENDED LIMIT AND SIZE 
RANGE OF DIMENSIONS 























B A 3 E 





1/32” -156 1/32” 1/64” 





1/64” to 1/32” | .187 | 1/64" to 1/32” | 1/64” 





1/64” to 1/32” | .218 | 1/64” to 1/32” | 1/64” 




















1/64” to 1/32" | .250 | 1/64” to 1/32” | 1/64 





Bars—Hard drawn copper, 25 oz. min. 
silver per ton 
Finish diameter on armature : 
Minimum length of commutator segments.... .156 
Maximum length of commutator segments... .25 
Standard Bore .... ‘ , ee 
Maximum Bore . sus > ae 
Minimum bore . 
Minimum bore tolerance 
Maximum number of segments. : 
TEST: Bar to bar... --e-ee 110 volts 
Bar to ground .......... 550 volts 
Maximum skew .................. .010 
_ yy GSAS. .... 30,000 
denotes Nippert machined surfaces 


COMMUTATORS 


COMMUTATCR 
COPPER AND OTHER 
DRAWN COPPER SHAPES 


SLIP RINGS 


Tiny, but tough! This Nippert 
commutator is only 34” in diam- 
eter. We believe it is the smallest 
commutator ever commercially 
fabricated of copper, steel and 
mica. What’s more, it’s built 
with watchmaker’s care. 


This rugged miniature, with ma- 
chined dovetails, is produced by 
Nippert’s exclusive techniques 
and custom machines that elim- 
inate the need for segment dies. 
With Nippert’s advanced pro- 
duction methods, commutators 
are precision-built to your exact 
requirements — yet produced 
economically in any quantity. 
Sizes up to 4”. 


Nippert’s flexibility of design 
lets you build into your prod- 
ucts the right speeds and toler- 
ances essential to outstanding 
performance. Send us your ap- 
plication specifications today ... 
or write for information. 


ELECTRIC PRODUCTS CO. 
1759 W. Mound St. * BRoadway 4-1116 


Columbus 23, Ohio 
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which is internally supported through- 
out entire length of travel. 

Vibration error less than resolution 
at 15 g for travels of 2% in. or less 
and at 25 g for travels from 214 to 4 
in. Available in travels from 14 to 6% 
in. 

Single or dual potentiometer outputs 
available in resistance values of 1, 2, 
5, 10, 20 and 50 k. Temperatures from 
—67 to +221 F, with ranges to 450 
F available. Humidity specification is 
95 per cent at 40 C for 100 hr. Bourns 
Laboratories, Inc., P.O. Box 2112. 


Riverside, Calif. —>585 


A-C CENTRIFUGAL BLOWERS 


Four models feature an aluminum 
scroll for environmental protection and 
ruggedness, offer high outputs in small- 
size unit. Incorporate either a 1% 


or 2 in. rotor and deliver up to 45 cfm 
free air. 

Clockwise or counterclockwise scrolls 
available. Motors may be designed for 
frequencies between 50 and 1000 cycles 
with voltages up to 200 volts, single 
or 3-phase. Total weight of each unit 
varies from 16 to 19 oz, depending on 
rotor size. Designed to meet environ- 
mental requirements of MIL-M-7969A 
(ASG). Globe Industries, Inc., 1784 
Stanley Ave., Dayton 4, Ohio. —>586 


TRANSISTOR MOUNTING 


Provides a standardized mounting for 
all transistors regardless of size or 
shape. Good heat sinking afforded due 
to long transistor leads; low moisture 
absorption another desirable feature. 
Temperature range is from a cold 
brittleness temperature of —60 to +-99 
C, with a hot continuous operating tem- 
perature of 85 C. Has low dissipation 
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Here's How! 


BEAT THE PROBLEM OF 
— BURNED-OUT MOTORS! 


... due to excessive operating temperatures... overloads... dust 
...moisture...corrosion... flooding...chemical attack ...vary- 
ing loads ...and many other problems found in every plant! 


Now ... you can stop the loss of time due 
to motor burn-outs! You can save money 
by increasing the life of motors . . . the 
same motors you are using now. How is 
it done? Class H insulation using UNION 
CARBIDE Silicones. 

This class of insulation, incorporating 
UNION CARBIDE Silicone Varnish, raises 
a Class B motor from 27 days operation 
at 200 deg. C. to over 8 years at the same 
temperature! (see chart) Horsepower 


You will find UNION CARBIDE Silicone 
Varnish easy to use. The varnished sur- 
faces are hard, tough, flexible, with great 
freedom from bubbles. This varnish was 
developed by the world-famous UNION 
CARBIDE Research Laboratories ... your 
guarantee of highest quality. Send cou- 
pon below for booklets “UNION CARBIDE 
Silicones for Dependable Service” and 
*More For Your Silicone Dollar.” 


Burned out! High tempera- 
tures burned the insulation 
off the conductors of this 
40-hp Class B motor. But ... 


ratings can be increased 50 per cent! The 
motor gets new stamina that increases 
life in dust and dirt laden atmospheres. 
And since silicones are impervious to 
moisture, water, most chemicals. . 
salt water, solvents, acids, hydrocarbons 
... life of the motor is increased far be- 
yond normal requirements, 


- even 





| 


71,000 hours at 200 





deg. C. with Class H 
insulation using UNION 
CARBIDE Silicone Var- 
nish. Compare this with 
only 27 days for Class 
B and 10 days with 
Class A insulation at 
the same temperature. 
That’s real high tem- 
perature performance! 


Rebuilt to Class H specitica- 
tions, dipped in UNION CAR. 
BIDE Silicone Varnish and 
baked, rating was... 


50 per cent higher, a full 
60-hp! Cost is one-third of a 
new unit. New mountings not 
required! 


LU} ite). 
feF Ni i=jie) = 


TRADE- MARK 


SILICONES 














Relotive 
Thermal Life 
of Insulations 


J 


Silicones Division, UNION CARBIDE CORPORATION, Dept. GJ-6702 
30 East 42nd Street. New York 17, N. Y. 


Please send me “UNION CARBIDE Silicones for Dependable Serv- 
ice” and “More For Your Silicone Dollar.” 


Vame 
Company 


iddress 





City State 
Degr Cc . ~ e a “ 
ee The term “Union Carbide” is a registered trade-mark of UCC, 
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LONG-LIFE CHOPPERS 


are now in quantity production 
at Airpax. Standard miniature 
choppers have demonstrated the 
ability to remain within specifi- 
cation 21 times their previously 
rated life. 


AIRPAX Choppers now rated 
in excess of 5,000 Hours Life 


Life testing in dry and nearly dry circuits shows 
that Airpax miniature choppers remain within 
ratings for over 10 times the life required by 
MIL-C-4856 (USAF). Your replacement costs — 
will be greatly reduced by using new Airpax 
choppers; same low price as last year’s units. 


Stic » 
tly saqyi? an 
Man — usteg 
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factor, low conductivity, low dielectric 
constant and high surface and volume 
resistivity. 

Mountings standardized to ‘6 in. 
diam hole; material used is a special 
polyethylene. Delbert Blinn Co., P.O. 
Box 575, Pomona, Calif. >587 


REDUCER CHANGES RATIOS 
WITHOUT CLUTCHING 


Six-station unit can produce an almost 
unlimited variety of reduction ratios. 
Some of the typical ratios are 2.5-5-10- 
25-50; 1-2-4-8-16-32; 2-4-8-16-32-64. 
Selector knob accomplishes _ ratio 


changes smoothly, even while reducer 
is running under full work load. 

Two basic models: a BB unit. with 
ball bearings on all rotating members, 
and a DR model, with ball bearings 
on input and output shafts. BB model 
has starting torque of only 34 in.-oz 
(with no work load) and recommended 
max input speed of 4500 rpm. while 
the DR’s starting torque is 1% in.-oz 
(with no load) and has a 
mended max input speed of 1800 rpm. 
Four basic gear pitches available: 24, 
32, 48 and 64 D.P. Haxton Gear Co., 
7-11 Main Street, East Rockaway, New 
York. >588 


recom- 


KEY-OPERATED ROTARY 
SWITCH 


The key of Type JR switch serves as 
knob, and when removed, locks switch 
in selected position. Permits only au- 
thorized persons to change position of 
setting, and provides tamper-proof pro- 
tection of complex electrical circuits. 

Switch provides control of up to 
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ESCO motors drive 20-ton super radar 


for terrier missile system! 


This extremely accurate, long-range radar provides amazingly 
advanced defense against supersonic assault from the air. 
Developed by Sperry Gyroscope Co. for the Navy, it spots and 
plots the course of distant invaders many miles beyond the 
horizon. Then in a matter of seconds, it directs the Terrier 
missile onto the target and relentlessly zeros it in for the kill. 


Two stories high and weighing more than 20 tons, almost half 
this massive system swings in motor-driven gimbals. Sperry 
chose ESCO for specially designed motors for the elevation, 
traverse and main drives (shown below), as well as for power- 
driven doors, and other special applications. In all, over a dozen 
types of ESCO motors in fractional to 40 hp sizes were designed 
and built to meet special needs throughout the system. 


For solving drive problems such as this, ESCO offers invaluable 
engineering and manufacturing help, with over 40 years 
experience designing and building nearly every type of special 
purpose rotating electrical equipment. Write for design and 
brochure on motors, generators and motor-generators. 


em 4 


ELEC IS SPEC 


IBLTY CO. 


ae m 171 South Street, Stamford, Conn. 
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3 sections, 8 positions, and can be 
locked in any of 8 positions by key re- 
moval. Electrical rating: 10 amp 125 
volts a-c, 5 amp 125 volts d-c. Electro 
Switch Corp., 167 King Ave... Wey- 
mouth 88, Mass. >589 


MINIATURE COAXIAL 
CONNECTORS 

ECC series connectors are available in 
50-ohm constant impedance group, 50- 
ohm non-constant impedance group, 
and 93-ohm non-constant impedance 
group. Bodies are brass with albaloy 


me 


‘oe 
analyelo-dpental 


KEARFOTT Units shown are in 50-ohm constant 
ANALOG-TO-DIGITAL impedance group and include a straight 
receptacle. right-angle receptacle, 360- 


CONVERTERS beeing pa ee Sa 5 Re degree swivel-type receptacle and an 


interchangeable mating plug. H. H 


plating. insulation is machined Teflon. 
Rated voltage is 500 d-c. Mounting pins 


TRANSLATE SHAFT ROTATION 
INTO ELECTRICAL AND VISUAL 
DIGITAL FORM 


KEARFOTT DIRECT DRIVE ADAC ser enact cesar nteond PRESSURE AND VACUUM 


] 


is a shaft-positioned analog-to-digital device 
a a eS SWITCHES 


utilizing coded drums, interconnected by 
high-speed odometer type gearing to provide Models designed specifically for OEM 


Buggie. Incorporated, sox B17, Toledo 


& Ohio. >590 


an electrical impulse representing shatt and industrial installations where con- 
1 ‘ta 
position. Available for a wide variety 


. | ; 3 trols are enclosed in a common cabinet 
of capacities and codings . ‘ ° 
E . ote eacn. Stripped Model 402 operates in any 
KEARFOTT MECHANICAL COUNTERS position, is not sensitive to vibration. 
are used to provide precise visual and can be mounted directly on moving 
presentations of angular position, latitude, or vibrating equipment. 
— KEARFOTT AD TO 3 ; : 
longitude, or any information imparted by Recommended for liquid, gas or 
shaft rotation. Both types are designed —_ KEARFOTT SYSTEMS INCLUDE water systems, series available in proof 
Directional Gyro Compass Systems, ‘ 
Three Gyro Stable Platform Systems and pressures of 30 in. of mercury, vacuum 
slewing speeds up to 1800 R.P.M Inertial Navigational Systems 


to provide long life at maximum 


to 150 psi. Accurately senses any pres- 


Send for bulletin giving data of components of interest to you. SNAP ACTION SWITCH—— 
a ADJUSTMENT 
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KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 
Sales and Engineering Offices: 1378 Main Ave., Clifton, N. J 
Midwest Office: 23 W. Calendar Ave., La Grange, lil. South Central Office: 6211 Denton Drive, Dalles, Texos 
West Coast Office: 253 N. Vinedo Averue, Posadeno, Calif. 


SEALED DIAPHRAGM 
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RELIABLE 
for RAPID DISCONNECT 


Faster Inspection... Faster Testing... — 
Faster Servicing... Maximum |nterchangeability 








Cannon offers you more than 18 different & 
chassis connectors... designed with all the lates 
accurate alignment, easy mating, proper cor 

sealing where desired. 


Select the connector you want in standard, miniature, or SUD-m 
ture sizes... for standard circuitry or printed circuitry. Up to 156 
tacts...and a great number of combinations of contacts for cc 
audio, thermocouple, co-ax, twin-ax, and pneumatic connectia 
single- or double-gang. Some with shells, some without... all 
constructed to take the many ‘“‘in” and ‘‘out" operations of rack, pan 





& 


tion and corrosion. ss 


For an interesting discussion of the broad subject of “Reliability,” 
for Cannon Bulletin R-1. 


CANNON ELECTRIC CO., 3208 Humboldt St., Los Angeles 
31, California. Factories in Los Angeles, Salem, Mass., 
Toronto, Can., London, Eng., Melbourne, 

Austi. Manufacturing licensees in Paris and 
Tokyo. Representatives and distributors in 
all principal cities. Please refer to Dept. 500. 


For reliability in your rack-panel-chassis connectors...connect with 
Cannon! Write for Bulletin DP-10 and DP-101 Supplement. 











Reprints now available 
on Ira Ritow’s 


practical guide to 


Slide Rule 


Mathematics 


H Ow are you on the log-log scales with 
vectors and complex functions—not to mention 
the hyperbolics? 


“SLIDE RULE MATHEMATICS” —re- 
printed from the March-April issues of ELEC- 
TRICAL MANUFACTURING—offers a prac- 
tical guide to the understanding of the slide 
rule and its application to engineering prob- 
lems. This 2-part article is the work of Ira 
Ritow, engineer-teacher and author of the 
popular “Capsule Calculus” and “Fundamentals 
of Servomechanism Design.” SLIDE RULE 
MATHEMATICS traces the logical develop- 
ment of the slide rule’s fundamentals and gives 
complete concise instructions for its use. Con- 
tains over 50 two-color illustrated examples of 
step-by-step slide rule settings. Major topics 
include: 


Uses of the Basic Slide Rule 
Variations on Basic C-D Operations 
Trigonometry 

The Log-Log Scales 

Vector Diagrams 

Phasor Calculations 

The Circular Slide Rule 


The 20-page reprint, plus 4 practice slide rules 
printed on heavy stock for easy cut-out, is priced at 
ONE DOLLAR. Ordered in quantities of 5 to 24 
for single shipment to one address, the per copy 
price is 90 cents; for 25 or more copies, 75 cents each. 
Send remittance with order (adding 3 per cent for 
New York City delivery) to Reader Service Depart- 
ment, The Gage Publishing Company, 1250 Sixth 
Avenue, New York 20, N. Y. 


Director, Reader Service 
ELECTRICAL MANUFACTURING 
1250 Sixth Avenue, New York 20, N. Y. 


for 


Enclosed is our remittance cash; 








copies of the 20-page reprinted article “SLIDE RULE 


MATHEMATICS.” 





Mail copies (postpaid) to 











sure over adjustable range of 30 in. 
of mercury, vacuum to 100 psi; 
actuates an electric circuit at prede- 
termined pressure. 

Readily adjusted by easily accessible 
screw for field setting. SPDT switching 
elements for a-c and d-c circuits auto- 
matically reset by snap-action of 
switches. Barksdale Valves, Pressure 
Switch Div., 5125 Alcoa Ave., Los 


Angeles, Calif. ->591 


HIGH SPEED CLUTCH-BRAKE 


Exactuator clutches and brakes operate 
within 1 millisee — 5 to 10 times faster 
than conventional devices. Model C-400 
clutch, illustrated, features engage- 
ment and release times of less than 


1 millisec with full torque of 30 oz-in. 
at 12 volts d-c input. 

Torque output linear with respect to 
voltage or current input, and unit will 
operate with as little as 1 volt. Suited 
for operation with transistors because 
of low voltage required and high ef- 
ficiency of energy transfer. 

Exactuators have found applications 
in tape and film feeds, spindle valves, 
stepping switches, counters and other 
motion controlled devices. Norman 
Hardy Associates, P. O. Box 97, Wyn- 
cote, Pa. 592 


SPDT RESET SWITCH 
Snap-action switch S37-00A features 
high contact pressure and max operat- 
ing force of 50 grams. When actuated, 
switch maintains contact position until 
returned by reversing action. 

Available with variations in actuators 
and mounting brackets. If needed, 
through-hole mounting may be used to 
eliminate mounting bracket. Also avail- 
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If it's the full treatment 
you re after, call a Hoover Man 


die castings. No wonder more and more 


Whether it’s design . . . engineering . . 
die making .. . production... or inspec- companies are depending on Hoover to 
tion, Hoover has an exceptionally quali- get the whole job done—and done right. 
fied team of experts. And they’re backed How about you? If you need the full 

by 36 years of experience in turning out —_ treatment—or any part of it—better call 
-» the highest quality zinc and aluminum — a Hoover Man. 
pm THE HOOVER COMPANY, Die Casting Division, North Canton, Ohio Die Casting specialists since 1922 ws 


T | In Canada — Hamilton, Ontario 


DIE CASTING » HOOVER 
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able in simultaneous  double-pole 
models. 

Rated: 74% amp at 125 volts a-c, 5 
amp at 250 volts a-c, 43 hp 125/250 
volts a-c. Cherry Electrical Products 
Corp., 1650 Deerfield Rd.. Highland 
Park, Ill. >593 


TINNED ARMATURE BANDING WIRE = sicnat-nose corretator 


Model 1-101 can be used to make dy- 
. 
—Stainless or Carbon Steel namic signal-to-noise measurements at 


STAINLESS * The many superior qualities of Oe See: ENS a ane 
PAGE Stainless Tinned Armature Banding Wire 


have made it the choice of leading motor manu- 2 eli, 
facturers. PAGE superior tinning facilitates solder- ~ Bi & : 3, 
© - 





ing. It has high tensile strength (200,000 psi and = 

up) for compactness...low permeability and high £ ee 

resistance for greatest efficiency. It is non-corro- 

sive for safety and long life. More economical than re ee aes J at : 
- ons equipment such as receivers, am 

bronze, as smaller diameter can be used. plifiers, or magnetic tape systems. 


CARBON STEEL « Inexpensive tinned banding wire for _ One of the main features is that the 
lower-priced motors. Available in three grades: A, B, and C1. | signal-to-noise ratio can be measured 
The high strength of C1 is an advantage where light weight without removing either signal or noise: 
must be achieved. both may be present at same time in 


: . output of equipment being tested. Gen- 
All above wires shipped on 50-to150-pound reels eral Electronic Laboratories, Inc., 18 


Wire or Write our Monessen, Pa., office for full information Ames St., Cambridge. Mass. >594 


Page Steel and Wire Division 
AMERICAN CHAIN & CABLE ms. DUAL SOLENOID INLET 


VALVE 
Monessen, Pa., Atlanta, Chicago, Denver, Detroit, Houston, Valve } a 
Los Angeles, New York, Philadelphia, Portland, Ore., alve has heavy, forged brass body and 
San Francisco, Bridgeport, Conn. bonnet and Buna “N” diaphragms, 


eliminating corrosion problems. Two 
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WATERPROOF | 
MOLDED COILS 


34-in. inlet connections and a common 








Molded from the new epoxy 
resins, the coils are imper- 
vious to water, oils, dust, 
acids, alkali solutions and 


water base hydraulic fluids. 


The windings are completely 
encased in the thermoset- 


black, red, and blue colors, 
and all four colors are rec- 
ognized by Underwriters’ 
Laboratories as _ insulating 
materials for general pur- 
pose application 105° C. 
Class A requirements. 


Write Dept. E For Complete 
Details 


DELUXE COILS, INC. 
Post Office Box 364 + Wabash, 
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ting resin by incorporating 
the unique design of a core 
tube fabricated from the 
Same resin as is used in the 
encapsulating process. 

Coil windings are currently 
being molded in_ green, 

$ 


Indiana 


l-in. outlet connection provide ample 
flow capacity. 

Normally closed operation (valve 
closes when solenoid is de-energized ) 
supplied. Dual solenoids may be ener- 
gized together or separately as_ re- 
quired. Pressure range 5 to 125 psi. 
Operate on either a-c (10.5 w) or d-c 
(10 w), available in most standard 
voltages. Automatic Switch Co., 50-M 
Hanover Rd., Florham Park, New Jer- 
sey. “PTS 


HERMETICALLY-SEALED 
SWITCH 

SPDT rotary selector switch rated at 
1650 volts d-c and 20 ma is designed 
for aircraft and missile applications, 
automation and industrial operations 
requiring high voltage. 

Other characteristics: 28 volts d-c 
operating voltage; 2.3 amp coil cur- 
rent at rated voltage; hi-pot rating of 
2000 volts d-c with max leakage of 1 
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A new source for 


REINFORCED 
TEFLON 


C/R now offers you the advantages of reinforced TFE... 
designed, compounded and molded by a single source! 


Resistance to deformation under load — 
by a factor of 10 


rapidly and accurately. Our new lab- 
oratory and production facilities are 
unexcelled — and these facilities are 
matched by our experience in molding 
synthetic parts to meet the most critical 
specifications. 

C/R Sirvene welcomes the opportu- 
nity to cooperate with you in the design 
and production of “Teflon” and _ re- 
inforced “Teflon” packings, bearings, 
gaskets, rings, or other parts. 


If your work involves sealing applica- 
tions, you are probably familiar with 
‘“Teflon’’, Tetrafluoroethylene Resin. Resistance to weer by retating shafts—by 
‘The extreme versatility of its chemical, ba much as 500 times 
thermal and mechanical properties are Stitiness <—- by @ factor of 4-5 
unmatched by any other material on Thermal conductivity—by @ factor of 5-10 
, : Compressive strength — by a factor of 3-4 


Hardness — by 10% 

It is also useful to know that Chicago 
Rawhide is one of the few fabricators 
which blends its own “Teflon” com- 
pounds, assuring constant quality in 


the market. 

You may not be, however, fully aware 
of the degree to which these properties 
can be distinctly improved by the use 


of reinforcing inorganic additives, For If you are interested in “Tefion”’ 


example, “Teflon” can be blended with 


inorganics to increase: 


batch after batch and permitting com- 
pound formulations to be developed 


write for your free copy of Sirvene 
Materials Bulletin CT-1. 


*"Teflon’’ is a DuPont registered trademark 


ia me SIRVENE DIVISION 


CHICAGO RAWHIDE MANUFACTURING COMPANY 
1279 ELSTON AVENUE e@ CHICAGO 22, ILLINOIS 
Offices in 55 principal cities. See your telephone book. 
in Canada: Manufactured and Distributed by Chicago Rawhide Mfg. Co. of Canada, ltd., 
Brantford, Ontario. Export Sales: Geon International Corp., Great Neck, New York. 
Other C/R Products: C/R Shaft and End Face Seals * Sirvis-Conpor mechanical 
leather cups, packings, boots « C/R Non-metallic Gears 


Tre 


on; Ber Ucte 
RAWHIDE 
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MICRO-BEARING 
ABSTRACTS 


by A. N. DANIELS, President 


New Hampshire Ball Bearings, Inc. 


BEARING FITS AND 
FITTING PRACTICES 


As shown in Fig. 1, the fitting of 
Micro-Bearings, like the fitting of 
larger ball bearings, chiefly involves 
the clearances between the inside di- 
ameter of the housing and the outside 
diameter of the bearing; the bore of 
the bearing and the shaft diameter. 


Housing Diameter 


( Bearing OD 
Cia Diometer 


Bearing ID 








—YYj' FIG.1 


The achievement of the desired fit 
by dimensioning is illustrated in Fig. 
2. The bearing ID is represented by 
the top blocks and the shaft OD is 
represented by the lower blocks. Such 
a block diagram could also be applied 
to housings and bearing outside di- 
ameters. In this block diagram, it will 
be noted, the bearing ID is represent- 
ed by a .00015 tolerance with a simi- 
lar tolerance for the shaft. A resulting 
fit of line to line to .0003 loose is 
shown. 


-12500 .12495 .12490 .12485 


Shoft OD 
ee 


mane: he 12485 .12480- .12475 .12470 
FIG.2 

An interference fit not tighter than 
line to line is suggested for the fol- 
lowing reasons: 

. Difficulty in assembly. 

2. Difficulty in disassembly. This 
is often more hazardous than 
the assembly operation and 
may result in total bearing 
destruction. 

Reduction in radial play. 
Danger of bearing ring con- 
forming to possible poor ge- 
ometry of mating shaft or 
housing. 


TOLERANCE DISTRIBUTION 
The maximum .0003 loose condition 
shown in Fig. 2 may be excessive in 
some applications. The fitting problem 
then resolves itself to reducing this 
extreme, and yet maintain the maxi- 
mum tight fit of line to line. The 
looseness may be reduced by redimen- 
sioning the shaft to .12490/.12475 as 
shown in the block diagram, Fig. 3. 

12500 .12495  .12490 = .12485 


Shoft OD 
‘$—— |#—_}—_—] 


Beoring 1D 42490 12485 .12480 .12475 




















FIG.3 


If the frequency distributions of shaft 
and bearing ID sizes were statistically 
normal, the modal fit of all parts 
would be 0.0001 loose. Accordingly, an 
insignificant percentage of parts 
would be mated to the extreme values, 
and for practical purposes could be 
ignored. 

With regard to bearings’ outside 
diameters and bores, however, nor- 
mality of the distribution curve can- 
not be assumed. During the grinding 
operation, the “most metal tendency” 
tends to skew the frequency distribu- 
tions for bearing ID’s and OD’s in 
the direction of most metal. 

In grinding and finishing shafts 
and housings, similarly skewed dis- 
tributions occur. 

Operating on a modified probability 
distribution of tolerance is possible if 
the volume of parts is sizeable. But 
the approximate distribution of shaft 
and housing sizes must be verified if 
this method is to be used. 


MATERIALS and SURFACE FINISHES 
The ease of assembly is also affected 
by materials and finishes. The follow- 
ing factors must be considered: 

1. The galling characteristics, 
hardness and ductility of the 
materials involved. 

Finish lay patterns produced 
by various tools and_ tech- 
niques used, 

3. R M S surface finish 
achieved. 

4. Geometry of shafts and hous- 
ings as regards out-of-round- 
ness, taper, etc. 

The possible combinations of these 
elements in any single application are 
so numerous that their gross effect 
can only be ascertained by trial and 
error, or by a detailed study of 
operations on individual applications. 
A more complete discussion of fitting 
practices, including sizing methods 
and coding, is found in our design 
handbook. 


DESIGNERS HANDBOOK 
FREE TO ENGINEERS 


If you work with miniature bearings, 
you'll find this new, 70 page authori- 
tative publication a great help in solv- 
ing problems in de- 
signing instruments 
or small electro-me- 
chanical assemblies. 
It will be sent 
free to engineers, 
draftsmen and pur- 
chasing agents. 
Write to: 


values 


NEW HAMPSHIRE BALL BEARINGS, INC., PETERBOROUGH 1, NEW HAMPSHIRE 


District Offices: Pasadena, Calif., Park Ridge, Ill., and Great Neck, N. Y 
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| millisec. 


| 14 oz. G. 


| 5 amp and 30 volts d-c, 


| board. 


| dena, 


| adjustable 





pamp; expected life of 50,000 makes 
and breaks; switching time approx 90 
Length 3 29/32 in., height 
width 1 23/32 in.; weight 
H. Leland, Inc., 123 Webster 
St., Dayton 2, Ohio. >596 


2 5/16 in., 


DECIMAL KEYBOARD 


Model 410 provides rapid manual dig- 
ital input to plotters, computers, paper- 
tape preparation units, 
ment. 

Contains 10 decimal and 3 optional- 
assignment keys. Each of its key-oper- 
ated, SPDT switches (125 volts a-c, 


control equip- 


2 amp) has 3 
taper-pin terminated leads for flexibil- 
ity in terminal strip installation. The 
3-foot, 4l-wire cable includes leads for 
power-indicating light at base of key- 
ElectroData, Div. of Burroughs 
460 Sierra Madre Villa, Pasa- 
Calif. ->597 


Corp.. 


| LINEAR ACTUATOR 


| Model D-1890 operates 
| load of 860 lb at a rate of 0.28 in. per 
sec. Max operating load is 1800 lb. 


under normal 


Basic stroke is 2.50 in. and can be 
lengthened or shortened to suit require- 


| ments. 


Unit features a radio noise filter, 


travel limit switches, in- 
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exclusive 


High purity, ductile, Basic Oxygen Steel 
is now available for the first time in 
restricted specification cold rolled strip. 
Low phosphorous, sulphur and nitrogen 
content characterize this new product. 
The combination of this high quality low 
carbon steel and the controlled process- 
ing typical of J&L’s Restricted Specifi- 
cation Strip, results in a new product 


J&L STRIP STEEL DIVISION produces a full 
line of restricted and standard specifica- 
tion strip steel in these grades and types: 


Low Carbon 

High Carbon 

Tempered Spring Steel 
Molten Zinc Coated (Jal Zinc) 
Electrolytic Zinc, Tin, Copper 
and Brass Coated 
Alloy 

Stainless 
Painted 


and 


ID STEEL DIVISION 


basic oxygen steel 
cold rolled strip 






important 


especially advantageous for deep drawing requirements 


with many fabricating advantages. For 
deep drawing and intricate forming 
operations, superior yields and lower 
costs may be anticipated. The extent to 
which this new product may benefit your 
product deserves immediate investiga- 
tion. Your inquiry will receive our 
prompt and interested attention. 





STRIP 


STEEL 


Jones & Laughlin 


STEEL CORPORATION 


STRIP STEEL DIVISION 


GENERAL OFFICES: YOUNGSTOWN 1, OHIO 


PLANTS: 
YOUNGSTOWN @ INDIANAPOLIS @ LOS ANGELES @ KENILWORTH, N. J. 


SALES OFFICES: 
New York @ Rochester @ Newington, Conn. © Youngstown @ Detroit 
Cleveland @ Indianapolis @ Chicago @ Los Angeles @ San Francisco 


FORMERLY THE COLD METAL PRODUCTS COMPANY 






aaa <— a man 
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OVERLAP ON CONTACT 

POINTS WAS CONSIDERED 
IMPOSSIBLE TO MASS-PRODUCE. 
1-S ENGINEERS PRODUCED THE 
PART WITH PRECISION TO SPARE 


, eee | 











Hermetically Sealed Limit Switch employs 
I-S Beryllium Copper Flipper Blades 


¢ FOR SUPER PRECISION ACCURACY 
e COMPLETE FREEDOM FROM FATIGUE 


The Electro-Snap component illustrated is hermetically sealed, 
ruggedly constructed to provide an environment-free, super-durable 
limit switch. The I-S flipper blades of beryllium copper offer ex- 
cellent electrical characteristics, super precision accuracy and 
freedom from fatigue. If you have a spring problem, I-S engineers 
will be happy to explain the unique advantages of Beryllium Copper 
and make specific recommendations. 


Write or call today for the I-S catalog on Beryllium Copper com- 
pression springs, flat springs, strip springs, contact strips, contact 
rings and screw machine parts. 


INSTRUMENT PROCESSED” 


SPECIALITIES CO - INC 


254 Bergen Bivd., Little Falls, New Jersey 
Telephone: Clifford 6-3500 


BERYiLiUmM COPPER SPRINGS 
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|tegral thermal overload protection, 


electro-mechanical clutch brake for low 
overtravel and irreversibility, positive 
non-jamming mechanical stops, ad- 
justable self-aligning end fittings: an 
anti-rotation device is incorporated on 
jackscrew. Hoover Electric Co.. 2100 
So. Stoner Avenue. Los Angeles 25. 


Calif. 598 


INDICATOR LAMP FOR 
TRANSISTOR CIRCUITS 


Lamp GE-344 is designed for use in 
transistor circuits and other applica- 
tions where a small sized. low current 
indicator lamp is needed. 

Of long-life design, lamp is bright 


st 4 
Sor | 


|enough to be seen lighted under 100 


footcandles of surrounding illumina- 
tion. Rated at 10 volts. 15 ma; has life 
in excess of 5000 hr; measures only 
749 in. diam. General Electric Co., Min- 
iature Lamp Dept., Nela Park, Cleve- 
land 12, Ohio. —>599 


SET POINT TRANSMITTER 


Transmitter employs a linear differen- 
tial transformer transducer (LDTT) as 
its position sensing element. Purpose is 
to provide ATCOTRAN system with 


device suitable for remotely adjusting 
the “set-point” of a control relay. 
Digital readout dial provides precise 
adjustment of set-point. Ten turns of 
dial moves armature of LDTT through 
lentire travel. On unit illustrated, read- 
| out of 0 thru 999 may be observed: 
| another model reads from 0 thru 9999. 
| Automatic Timing & Controls, Ine., 
|King of Prussia, Pa. > 600 
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The world renowned firm of Secheron in Geneva 
has been using Natvar 400 tape to great advantage 


for years. 


The excellent electrical and physical properties of 
Natvar 400, its exceptional uniformity and ease of 
application, have made it the choice of leading 
manufacturers of electrical apparatus and equip- 


ment both in this country and abroad. 


If you are a user of flexible electrical 
insulating materials, it will pay you to 


get in touch with your Natvar distribu- 


tor or with us direct. ; aE \" 


3000 kva, 6300 volt, 

3-phase alternator bui 
Secheron of Geneva for instal- 
lation in Angola. 


Natvar Products ) 
Varnished cambric—cloth and tape “a 4 Coil ends are neatly wrapped 
Varnished canvas and duck bts ‘ with Natvar 400 extruded vinyl 
Varnished silk and special rayon 5 , tape for dielectric and mechan- 
ical protection. 
Varnished—Silicone coated Fiberglas 
Varnished papers—rope and kraft 
Slot cell combinations, Aboglas ® 
Isoglas® sheet and tape 
Isolastane® sheet, tape, tubing 
and sleeving 


Viny! coated—varnished tubing 

and sleeving 
® Extruded vinyl tubing and tape f Cc o o Pp ©] 4 ATI ON . 2 
® Styroflex® flexible polystyrene tape 


Extruded identification markers FORMERLY THE NATIONAL VARNISHED PRODUCTS CORPORATION 
TELEPHONE CABLE ADDRESS 
Ask for Catalog No. 24 FULTON 8-8800 NATVAR: RAHWAY, N. J. 
207 RANDOLPH AVENUE © WOODBRIDGE, NEW JERSEY 
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SIGN ENGINEERS say this [Laboratory 


| and 


| ONDULETS Engineering 


Equipment 











MAGNETIC VOLTAGE- 
REGULATED POWER SUPPLY 
e on ngs Model KM-257 features good regula- 
need, Crouse-Hinds has it! tion, low ripple content, good stability, 
io , reliability and long life. Delivers in 


2 ranges: 250 to 325 volts, 0 to 0.75 








—Proportioneers, Inc. (Div. of B.I.F. Industries, Inc.) 





amp: and 325 to 400 volts, 0 to 0.6 
amp. Regulation for line or load less 
than +1 per cent. Ripple less than 
| 0.02 per cent. 

Additional features: high conversion 
efficiency 75 per cent at full load; con- 
trol for optimizing regulation at any 
given output voltage; short circuit and 
overload protection. Unit is 19 in. wide, 

| 514 in. high, 13 in. deep. Kepco Lab- 
oratories, Inc., 131-38 Sanford Ave., 
Flushing 55, N. Y. 601 


GASOLINE BLENDER CON- 
TROL PANEL built by Proportion- 
eers, Inc. for Shell Products. 


REAR VIEW Panel contains 58 
different types and sizes of ex- 
plosion-proof Condulets—a_ total 


of 715 in all. me SWEEP FREQUENCY 
GENERATORS 


Model 601 has total frequency range of 

12 me to 225 me divided into 11 switch- 

able bands. Each band overlaps previ- 

ous and following bands and has max 

No matter how complicated your electrical con- frequency deviation of approximately 

duit layout, you'll find everything you require in 5 to 1. Output voltage is 1.0 volt rms 

the Condulet Catalog. There are more than | (into a 50 or 75 ohm load) with varia- 

15,000 different types of Condulets, plugs, re- tion at max sweep widths of +0.5 db. 

matronwiee \ ceptacles, switches, controls, circuit breakers 
DISTRIBUTION and lighting fixtures —for both hazardous and 


enclusively through ordinary locations. 
ELECTRICAL ¢ 


Model 602 has total frequency range 
of 4 to 112 me, also divided into 11 


% For complete freedom in layout design, get 
Registered me acquainted with Condulets. Product Engineering 
Advisory Service available on request. 


CROUSE-HINDS company 


Main Office and Factory: Syracuse, N. Y. 
Crouse-Hinds Company of Canada, Ltd.: Toronto, Ont. 


Sedans or rity Los Angele 
DENT REPRESENTA 











Circle 224 on page 17 ELECTRICAL MANUFACTURING 





Servo Motors For 


Transistorized Operations 


Meets MIL-E-5272 —65°C to +125°C temperature range. 


SIZE 8 SIZE 10 SIZE 11 SIZE 15 SIZE 18 
8-5001-00 10-5052-00 11-5101-00 15-5153-00 18-5201-00 


400 400 400 
15 63 1.45 
6500 6500 5200 
4000 4000 3200 
0.03 0.016 0.017 
0.051 0.028 0.030 
22500 45000 41500 31000 
54 to +125 —54 to +125 —54 to +125 —54 to +125 —54 to +125) 
1.6v/26v 1.0v/36v 1.0v/40v 1.0v/40v 1.0v/40v 
Cont. Cont. Cont. Cont. Cont 
Size 10 
26 115 
196 
183 
268 


Size 11 


910 430 


oa a Size 15 


Al Al 1.07 3.3 

1.2 2 45 8 14 
Synchro Synchro Synchro Synchro Synchro 

863 672 1.703 1.625 2.03 
Pinion Pinion Plain Plain Plain 

375 218 437 540 540 

750 937 1.062 1.437 1.750 


Leads Terminals Terminals Terminals Terminals “ 
Size 18 
*For 40v connection . = ‘ ee ‘ P . 
This complete line can be varied by Oster specialists to your precise requirement. Write 
today for further information, enclosing detailed data on your needs. 


Other products include motor- 

gear-trains, synchros, AC drive MANUFACTURING COMPANY 
motors, DC motors, servo mech- Your Rotating Equipment Specialist 

anism assemblies, motor tachs, Avionic Division 

servo torque units, reference and Racine, Wisconsin 

tachometer generators, actuators, 

motor driven blower and fan ; : 

assemblies and fast response re- Engineers For ~eoamate Projects: — 
solvers. Interesting, varied work on designing transistor circuits and servo mechanisms. 
Contact Mr. Zelazo, Director of Research, in confidence. 


BURTON BROWNE ADVERTISING 
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KANTHAL 


Pioneered and proven by 
KANTHAL, the now famous 
KANTHAL iron - chromium- 
aluminum - cobalt alloys pro- 
vide engineers with a broad- 
er, better means to solve 
heating and resistance prob- 
lems. 

High resistivity (812-872 
ohms ‘cmf) and high tem-era- 
ture ranges (to 2460°F) give 
these superior alloys wide 
versatility and usefulness. 
Only KANTHAL, with years 
of experience in tonnage pro- 
duction, provides the wide 
variety of types and unvary- 
ing quality that have made 
these alloys outstanding. 
Specialists for more than a 
generation, KANTHAL re- 
search constantly develops 
new resistance materials. The 
most recent is KANTHAL 
SUPER which surpasses all 
known metallic elements in 
performance at temperatures 
to 2900° F. This is typical of 
continuing KANTHAL leader- 
ship in producing superior re- 
sistance alloys to meet every 
need. 


Full Data Available 
(Based on actual applications) 
Whatever your heating or re- 
sistance problem, KANTHAL 
has full design data to help 
you solve it more quickly and 
easily, and most likely at low- 
er cost. 


fi e ® 
— 


Ps 
ya bg 


“a on 


Tee 


KANTHAL A-1, A For long-life supported 
furnace elements in air and neutral atmos- 
pheres. Type A-1, 2460°F, Type A, 2370°F. 


KANTHAL D, DS For heating and resist- 
ance elements in appliances and furnaces. 
Type D 2200°F, Type DS, 2100°F (higher 
creep strength). 


ALKROTHAL 14 For low-cost resistor coils 
and appliance elements, 1900°F. 


KANTHAL DR and NIKROTHAL L For 
precision components and resistors. High 
resistivity and stability, low thermal EMF 
vs copper, low temperature coefficient 
(+.00002/C° —50 to +150°C). Fine gages, 


all types of insulation 


KANTHAL SUPER New cermet for furnace 
element temperatures to 2900°F with long 


life, no aging, simplified controls. 


NIKROTHAL 8 (80/20) and 6 (60/16) 
Highest quality nickel - chromium for  sus- 
pended elements at substantial savings. 


CUPROTHAL 294 (55/45) copper-nickel low 
temperature, low-resistance wire (294 ohms / 
emf). Also CUPROTHAL 180, 90, 60, and 30. 


Write today for free data on: 
(] KANTHAL HANDBOOK 116 pages of physical 


overlapping bands. High output of 2.5 
volts rms is maintained across any band 
to within +0.5 db. Jerrold Electronics 
Corp., 23rd and Chestnut Sts., Phila- 
delphia, Pa. 602 


LOW-VOLTAGE POWER 
SUPPLY 


No. 200 d-c power supply operates on 
input of 115-volt, 60 cycle a-c. Pro- 
vides output of 2 amp d-c under full 
load, with variable voltage from 0 to 
12. 


Constant voltage tap also provides 


18 volts a-c. Supply equipped with 
polarity change switch across d-c 
power, overload indicator light, and in- 
stantaneous self-setting circuit breaker. 

Grey hammertone-finish metal case 
encloses unit. Other low-voltage d-c 
power supplies of 1-6 amp available. 
Leyghton-Paige Corp., 200 Fifth Ave.. 
New York 10, N. Y. ~> 603 


ULTRASONIC DRILL 


The Glennite U-602, with a power out- 
put of 100 w, is designed for rapid 
drilling of intricate shapes into hard, 
brittle and unyielding materials such 
as glass, ceramics, quartz, precious 
stones and other materials such as 
tungsten carbide, silicon and_ ger- 
manium. 

Useful in industrial work, particu- 
larly in manufacture of crystal diodes 
and transistors. Includes 2 basic units: 


and electrical data for designing equipment 
with KANTHAL A-1, A, D, DS 


(] ALKROTHAL 14 (] KANTHAL SUPER 
[) KANTHAL DR and [] NIKROTHAL 8 and 6 
NIKROTHAL L () CUPROTHAL ALLOYS 


THE KANTHAL 
CORPORATION 


3 Amelia Place 


POSITION 
(Write on, of attach to, your compan 
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-- - RELIABLE SOURCE FOR ELECTRICAL SHEETS 


A BASIC STEEL PRODUCER... 


WITH EXACTING 
METALLURGICAL CONTROL 


The Vitiinitehi-Me-tadlal-laleh Meh MMtilel (ela Mikel -tal-tael lela; 
relate Me} isl-1 am bd o1-+ ho) ME -1 (Ya daleel ME -Yeltl] olasl-a| MELT) 
fol g-14 Mm ol ge) olola ilo ioMtial-Mollel ll A amoebae lolulialehivels 
steel used in their manufacture. For over 40 
years, Acme-Newport has specialized in these 
illo faleol me ti-1-1tee-2 a-laeltialeMmellilel-taime eli nmaelae 
trol in every process, from the melting through 
ial Zed aloltl Miao) i ilale Mel aleMMal-tol ME ia-lelilale MMe) ol-1ae) 
lela wi comilate] Mary ol-taileln 
Engineers at Acme-Newport will be glad to 
discuss your electrical sheet requirements, and 
ORS IFiMlam okellolalalale Me ti-1-] Maelii Malis) ol-l@hilalaela- io 
Kota ol ge) ol-1a 11-1 am ol -lauil-fololl lia @umelolel-MEtiatla tla COMPANY 
and punching qualities. Call or write today NEWPORT, KENTUCKY 


Kolamedelaile)(-ti- Miele ts . 
A SUBSIDIARY OF | COMPANY 
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New 
literature on 


POTENTIOMETER 
INSTRUMENTS 


Linear Motion ¢ Pressure 
Acceleration 


O®@® 
| | 


1355 proved and tested models 
Reem g eT 


New 
literature on 


TRIMPOT 
POTENTIOMETERS 


High temperatures ¢ Humidity 
proof ¢ Special requirements 
Wirewound and Carbon 

Lug, pin or insulated terminals 


BOURNS 


Laboratories, Inc. 


PO. Box 2112 ¢ Riverside, Calif. 


ORIGINATORS OF TRIMPOT®, TRIMIT® AND 
POTENTIOMETER INSTRUMENTS 


Circle 228 on page 17 





a drill assembly and an ultrasonic gen- 
erator. Drill assembly consists of piezo- 
electric transducer coupled to a tool 
mount by a mechanical transformer. 
and a drill mount and automatic. ad- 
justable feed mechanism. Operates on 
frequency of 20 to 22 ke. Gulton In- 
dustries, Inc., 212 Durham Ave.. Me- 


tuchen, N. J. > 604 


PORTABLE AC-DC 
VOLTMETER 


Model D-62 measures a-c and d-c with 
max sensitivity of 1 mv full scale. 
Voltage range of d-c unit is 1 mv to 


100 volts; of the a-c, 1 mv to 300 volts. 
Model D-62 has d-c accuracy of +2 
per cent, and an a-c accuracy of +5 
per cent. Frequency range of a-c unit 
is 5 eps to 200 ke. 

Input resistance 10 megohms a-c and 
d-c. Approximate battery life 40 hr for 
chopper and 130 hr for voltmeter power 
source. Alto Scientific Co.. Inc., 855 
Commercial Street, Palo Alto, Cali- 


> 605 


fornia. 


INDICATING TEMPERATURE 
CONTROLLER 


Proportioning controller features inde- 
pendent control and indicating actions, 
utilizes modular, plastic-potted plug-in 
electronic circuits. 

Uses a resistance-type sensing ele- 
ment and offers accuracy of indication 
within 2 per cent of scale in ranges up 
to 1000 F. Control stability under 
steady-state conditions within +14 per 
cent of scale range. 

In operation, actual temperature of 
medium being heated is compared with 
set temperature by a measuring circuit. 


Difference signal is then sent to control 
section, which proportions heat input 
to maintain tem- 
perature at set point. Electronic Proc- 
esses Corp. of Calif., 2190 Folsom St., 
San Francisco 10, Calif. ->606 


in amount necessary 


DIGITAL MAGNETIC-TAPE 
RECORDER/REPRODUCER 
Instrument is first in CEC DataTape 
5-680 Series which provide users with 
wide range of standard tape 
and tape widths. Standard speeds 
range from 71% to 100 ips. Two low 
speeds (0.4 and 0.8 ips) and high 
speed of 150 ips also available. Tape 
widths are 14, 4%, 34 and 1 in. Start 
and stop times are less than 3 millisec 
with accuracy of 0.05 in. in both for- 
ward and reverse directions. 


speeds 


Series features built-in end-of-tape 
all-metal magnetic 
heads, and low flutter characteristics. 
Fast forward and rewind speeds (250 
ips, nominal) results in rewind time of 
3 min for full 10%%-in. reel. 

Readout may 
puters, machine tool program control 


sensing, surface 


be used to feed com- 


units, and data printers. Consolidated 
Electrodynamics Corp., 300 No. Sierra 
Madre Villa, Pasadena, Calif. ->607 


PHASE ANGLE METER, 
MONITOR 
Model 120 provides accurate and rapid 
measurement of phase difference, no 
matching of amplitudes or wave forms 
being required. Offers direct reading 
0 to 360 deg with accuracy +1 deg, 
20 to 20,000 cps, and makes possible 
continuous, unattended monitoring of 
phase angle by use of chart recorder. 
For use in testing and inspection of 
servo amplifiers, feedback amplifiers, 
audio and power transformers, re- 
solvers, goniometers, synchros and poly- 
phase systems. Accepts sinusoidal or 
complex wave forms. Output is avail- 
able which is suitable for use with 
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PRODUCT-DESIGN 


MEMOS FROM DUREZ 


Metallized phenolics 
Dip coating compounds 


American Optical Company 


Bright idea 


Next time you want to put a bright reflec- 
tive surface on a part, think of metallized 
phenolic. It may save you a costly pro- 
duction step. 


Object: economy For instance, this hous- 
ing for a microscope lamp requires a mir- 
ror to focus the light. 

To sidestep the cost of a custom-made 
mirror, the housing is molded of Durez 
phenolic. Then an aluminum mirror is 
deposited right on the plastic by vacuum 
evaporation. 

This is easy to do with the Durez com- 

pound chosen for this part. It provides a 
good hard surface for metallizing. It in- 
corporates other wanted properties: high 
impact strength and low thermal conduc- 
tivity. 
. » » or good looks More often, perhaps, 
you’d use metallizing for the sake of ap- 
pearance. An example is this handle for a 
combination coffee-and-tea maker and 
carafe. 

Molded of Durez phenolic, the handle 
stays cool regardless of the appliance’s 


The Silex Company 


temperature. And it takes on a lustrous 
metallized finish, in copper or brass, to 
match the trim on the appliance and add 
sales appeal. 

You're on sure ground when you base 
bright ideas like these on phenolics. They 
give you a bigger choice of controlled 
properties than any other material in their 
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class. You can select the right balance 
from more than 150 Durez compounds. 

To take a fresh look at today’s phenol- 
ics, just check the coupon for a new four- 
page bulletin describing some typical 
Durez molding compounds and what you 
can do with them. 


Components in a 
package 


These preassembled components can be 
great timesavers if you’re producing 
printed circuits. 

A package combines capacitors and re- 
sistors in one compact module, easily and 
quickly installed in a printed circuit. 

You can have as many as 21 or more 
components in one subassembly, with 
complete choice of design. Known as 
“PAC” units, they’re made by Erie Re- 
sistor Corp. 

Their neat design points up an applica- 
tion of phenolics that may give you an 
idea. To insulate these units, Erie dips 


Erie Resistor Corp. 


them in a Durez phenolic resin compound. 
Dried and baked, the compound hardens 
to a tough, heat-resistant, moisture-resist- 
ant coating that doesn’t melt or peel when 
a unit is soldered, and is hard enough to 
permit stamping or color coding. 


Making epoxies 
flame-resistant 


Do you need a resin compound for 
electronic coating? For more information, 
check the coupon. 


How to make epoxies 
resist flame 


Your epoxy laminates and castings will 
shrug off heat, moisture—even fire—if you 
cure them with a new Durez product 
called HET® Anhydride. 

In the picture, the laminate cured with 
a conventional hardener (left) ignites in 
less than 30 seconds and burns to destruc- 
tion in about 3 minutes. Exposed to a 
similar flame source for the same time, a 
HET-cured laminate snuffs itself out as 
soon as the flame source is removed. 

This leads to some interesting possibili- 
ties. For instance, you can now make 
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glass-reinforced laminates that keep prac- 
tically all their flexural strength, even 
when heated within the 300-350°F range. 

You can make potting resins that re- 
tain room-temperature electrical proper- 
ties at high humidities and at temperatures 
above 300°F—and won't feed a fire. 

If you’d like complete information on 
HET Anhydride, methods of use, and 
properties of cured resins, check the cou- 
pon for Bulletins 19 and 43. 
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For more information on Durez materials mentioned above, check here: 

C) Phenolic molding compounds—descriptive bulletin 

(1) Phenolic resin compounds for dip coating 

() HET Anhydride—Bulletins 19 and 43 
Clip and mail to us with your name, title, company address. (When requesting 
samples, please use business letterhead.) 
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DURE Ze 


PLASTICS DIVISION 


HOOKER CHEMICAL CORPORATION 
1307 Walck Road e North Tonawanda, N. Y. 
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WIRES and CABLES 


Though most wires look alike, 
there is a difference. At Ches- 
ter, we think of this as wire 
personality. Chester wires and 
cables refiect their background 

ultra-modern production 
facilities, selected raw mate- 
rials, exacting manufacturing 
methods supervised by engi- 
neers who are wire and cable 
specialists. 


CHESTER 


And every type of Chester con- 
ductor is especially engineered 
for its recommended applica- 
tion. The next time you need 
an insulated conductor, inspect 
a Chester sample first! Our 
engineers will be happy to 
show you how the wires with 
the engineered personality 
can help solve your wiring 
problems ! 


CABLE 
CORP. 


A Subsidiary of Miami Copper Company 
® CHESTER, NEW YORK, U.S.A. 


Pioneer Producers 
of Plastic Insulated 
Wires and Cables since 1940 


CHESTER CABLE CORP., CHESTER, N. Y. 
(_] Have a sales engineer call 


(] Send data and sample on the following wires 


NAME 
COMPANY 
STREET 


CITY 


i ctale mm cels 
Wire Samples 
Pale tm OF-be- Ml al-1-3 6-9 


if upon and 
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recording equipment. Weight 59 Ib, 
dimensions 114% x 20 x 18 in. deep. 
Control Electronics Co., Inc., Hunting- 


ton Station, N. Y. ->608 


SWEEPING POWER SUPPLY 


Model 602 achieves linear variation of 
frequency from backward wave oscil- 
lator and 
providing exponentially increasing helix 
voltage from 100 to 2500 volts at 0 to 
60 ma. 


carcinatron-type tubes by 


Single or recurrent sweep, or cw 
operation available. Sweep deviation in- 


dependent of starting frequency and 


covers entire range or part of it. Sweep 
rates adjustable from 10 cps for oscillo- 
scope observation to 1/100 cps for strip 
chart or X-Y recorder display. 
Internal 800 to 1200 cps square wave 
modulations to facilitate measurements 
involving standing wave detectors and 
ratiometers. Sawtooth voltage 
available for uniform presentation on 
X or frequency axis. Relay contacts for 


sweep 


pen operation of strip chart or X-Y 
recorders. Alfred Electronics, 897 Com- 
mercial St.. Palo Alto. Calif. -> 609 


VOLTAGE TO FREQUENCY 
CONVERTER 

One volt d-c fed to Model DY-2210 
produces 10,000 pulses per second out- 
put for 
accuracy of 0.1] per cent. Range switch 


measurement on counters to 
gives full-scale output pulse rates for 
1, 10, 100 and 1000 volts, at constant 
l-megohm input impedance. 

Voltage being measured is averaged 
counter gate 
insensitive to 


over period of selected 
giving reading 


Positive or 


time, 


noise. negative voltages 


measured without lead reversing or 
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MADE IN U.S.A. 
TO THE STANDARDS 
OF AMERICAN INDUSTRY 


KKK KKK 





Take Advantage 
of these 
Superior Properties 











Electric Conductivity 
Flexibility 

Thermal Conductivity 
Weatherability 
Corrosion Resistance 
Ease of Fabrication 
Efficient Plating 
Lifetime Durability 
High Finish 

Lasting Beauty 
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At today’s lowered copper prices—you can NOW afford 
to use Copper and Brass wherever the benefits and 
properties of these metals are desirable. 


For the finest quality Copper, specify Hussey and be sure! 


Cc. G. HUSSEY & COMPANY 
( Division of Copper Range Co.) 


ROLLING MILLS & GENERAL OFFICES 
PITTSBURGH 19, PA. 
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Slide 
Rules 
were 
once 
taken 
for 


cranted! 


but not anymore. Not since 
ELECTRICAL MANUFACTURING  pub- 
lished Ira Ritow’s two-part feature 
in the March-April issues. In the 
words of one engineer . . “T his 


material is a major contribution to 
engineering knowledge of the day!” 


Aware that too few engineers were 
using their most basic professional 
tool to its fullest advantage, the edi- 
tors of ELECTRICAL MANUFACTURING 
did something about it. They put the 
problem up to Ira Ritow, author of 
the popular “Capsule Calculus” and 
“Fundamentals of Servomechanism 
Design.” Drawing upon his experi- 
ence in teaching college math, engi- 
neer Ritow came up with an entirely 
new technique for explaining the use 
of the slide rule in solving engineer- 
ing problems. 


Response to the published article 
was immediate. Engineers working 
on all types of projects ordered re- 
print copies* for their personal use 
or for their company training pro- 
grams. Engineering schools requested 
it for classroom use. Truly, a need 
had been recognized and filled. 


“Slide Rule Mathematics” is typi- 
cal of EM’s specialized editorial 
approach to fundamental areas of 
design engineering. It demonstrates 
why the magazine has such dedicated 
readership among the “pro” design 
engineers at the vanguard of tech- 
nological progress. 


*The 20-page reprint, “Slide Rule 
Mathematics,” is available at $1.00 
per copy, postpaid. Orders accompa- 
nied by remittance should be sent to 
the attention of Reader Service De- 
partment, ELECTRICAL MANUFAC- 
TURING, 1250 Sixth Avenue, New 
York 20, N. Y. 








switching. Linearity and _ short-time 
stability better than 0.1 per cent. Pro- 
vision included for calibrating against 
internal mercury cell standard voltage. 
Dynac, Inc., 395 Page Mill Rd., Palo 
Alto, Calif. ->610 


POWER TRANSISTOR 
CHARACTERISTIC PLOTTER 


Model 341 is compact, general-purpose 
curve tracer, designed for use with 
both point-contact and junction tran- 
sistors. 

Furnishes collector currents up to 6 
amp in continuous service and up to 


15 amp intermittently, produces the 
r,. and h,. families of curves on 
of auxiliary oscilloscope. Input 

current bias adjustable from 0 to 50 

ma; selection of input current step 

from 10 vamp to 1.0 ma; selection of 
current monitor resistor in collector 
circuit is from 1.0 ohm to 1.0 k ohm; 
equivalent shunt resistance of collector 
voltage measuring circuit 30 megohms. 

Available with either common-base 
or common-emitter test connections; 
choice of collector voltage polarity and 
choice of input current polarity. Dunn 

Engineering Associates, Inc., 225 O’- 

Brian Highway, Cambridge 41, Mass- 

achusetts. 611 


DIRECT WRITING RECORDER 


The Mark II immediately 
visible, permanent chart recordings on 
2 channels over a wide amplitude and 
frequency range (d-c to 100 cps). 


provides 


Oscillograph and amplifiers are incor- 
porated as an integral unit operated by 
connecting one power cord to any a-c 
outlet. Provides sensitivity of 10 mv 
per chart line. 

Four chart speeds—1l, 5, 25 and 125 
mm per sec—may be instantly se- 
lected. Fast paper loading provided 
by a new pull-out writing table with 
threading eliminated. Weighs 32 Ib 
and has a slide-out chassis for quick 
inspection or maintenance. Brush In- 
struments, Div. of Clevite Corp., 3405 
Perkins Ave., Cleveland, Ohio. 612 


A-C POWER SUPPLIES 
Series 7000 high-voltage a-c power sup- 
plies are available in 19 models operat- 
440-volt, 60 
single-phase inputs, with output volt- 
ages ranging from 0-25 to 0-150 kv 
at 5 to 100 kva. 

Units have a continuously adjustable 


. 99 : aie 
ing on 220 o1 cycle, 


automatic rate of rise, can be used for 
dielectric testing in accordance with 
ASTM specifications. 

Furnished with two 4-in.-square 
bakelite panel instruments with +5 








per cent full-scale accuracy. These are 
a dual-range (3/10) kilovoltmeter and 
a milliammeter. Other features include 
overcurrent and overvoltage relays ad- 
justable from 20-120 per cent and 10- 
115 per cent, zero-start interlock, and 
caster-mounted high-voltage sections. 
Gaseous discharge devices prevent 
damage to meters and relays from 
shorts and overloads. Beta Electric, 
Div. of Sorensen & Co., Inc., Richards 
Ave., So. Norwalk, Conn. > 613 


MULTIPLIER PHOTOTUBE 
POWER SUPPLY 


Multiplier phototube power supply has 
output of 800-2000 volts d-c at 0-25 ma; 
output current enables unit to operate 
at least 5 phototubes simultaneously, 
with adequate bleeder current. Occupies 
only 834 in. of panel space. 

Voltage continuously adjustable over 
entire output range, and either plus 
or minus voltage can be grounded. 

(Continued on page 224) 
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>) RADAR ON EVERY UNITED PLANE 
ADDS EXTRA DEPENDABILITY TO YOUR SHIPMENT 


2 $e sj 


Captain H. L. Baird explains something of interest to every shipper 


‘‘This is airline radar. It’s a big help in making your United ship- 


ments as dependable as they are. Because radar shows us weather up to 
150 miles ahead, it prevents long delays or detours caused by storms or 
turbulence. Every plane in our fleet has radar. So when you ship United, 
you can be surer of on-time deliveries and smooth trips for fragile items.”’ 


United offers you more guaranteed space availability (Reserved Air Freight) with 
greater frequency to more destinations than any other airline. And when you 
ship United, you have the opportunity to lower marketing costs through better 
inventory balance, broader markets, lower packaging and insurance costs. These 


features, plus radar, are good reasons to ship dependably by United Air Lines. UNITED 


FOR EXTRA DEPENDABILITY, SHIP UNITED—THE RADAR LINE 


For service, information, or free Air Freight booklet, call the nearest United Air Lines representative 
or write Cargo Sales Division, United Air Lines, 36 South Wabash Avenue, Chicago 3, Illinois. 
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WANT 
QUALITY 
MAGNET WIRE 


FAST? 


PHONE BRIDGEPORT 
EDison 3-3195 


Meet your needs for round magnet wire without loss of time or 
jeopardy to your competitive position. BRIDGEPORT WIRE main- 
tains an ample inventory of all types of fine insulated wire for im- 
mediate delivery. 

WIRE: #20 to #50 Litz, Stranded, Resistance, Alloys, Silver Plated, etc. 
FILMS: Plain, Nylon, Polyester, Polyurethane and Silicone Enamels, etc.; Formvar, 
Thermoplastic Overcoat, Friction Surface Finish, etc. 


TEXTILES: Nema, Jan (or your own), Silk, Nylon, Celanese, Cotton, Glass, 
Daglas*, etc. 
* Daglas is a Phelps-Dodge Trade-Mark 


, Ask for BRIDGEPORT's Latest Catalog +8 on Magnet Wire a 
: in 
The BRIDGEPORT INSULATED WIRE CO. “*. 


Manutacturers of Quality Engineered Insulated Magnet Wire ee” 
53 Brookfield Avenue @ Bridgeport 8, Cann. 
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NEW GATE-FOLD INSERT 
SPEEDS INQUIRY CHECKING! 


/ 
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H ere’s a new way to use the ELECTRICAL 
MANUFACTURING Reader Inquiry post cards on 
pages 17-20. Simply pull out the folded insert 
so that the numbered post cards overhang the 
left side of magazine. Keep the insert spread 
out as you page through the issue. Circle the 
items you want as you go along. Try it! You'll 
find it a real time-saver . . . also can serve 
as a handy book-mark. 


Unit provides precise regulation of 
0.015 per cent for both line and load, 
no load to full load. Dressen-Barnes 
Corp., 250 No. Vinedo Ave., Pasadena, 
Calif. ->614 


MULTI-PURPOSE 
ELECTROMETER 


Model 610 is all-purpose instrument 
for measuring d-c voltage, current and 
resistance over broad ranges. Also 
serves as convenient d-c amplifier. 
Features include: selectable input 
impedance from one ohm to greater 


than 10'* ohms; zero drift less than 2 
mv per hr after warm-up; 10-volt and 
l-ma outputs to drive oscilloscopes and 
recorders. 

Typical uses include measurements 
of voltages in piezoelectric crystals. 
static charges and vacuum tube elec- 
trodes; currents in ion chambers and 
semiconductors; and insulation leakage 
checks. Keithley Instruments. Inc.., 
12415 Euclid Avenue, Cleveland 6. 
Ohio. >615 





Postage return cards are provided 
on pages 17 and 19 as a conveni- 
ence to the reader in obtaining 
further information on— 


New Components and Materials 
Literature for the Design Engineer 
Feature Article Reprints 


Advertised Products 
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NEWSLETTER 


NOW! AN ENGINEERED & CONTROLLED 
TEFLON: WIRE BY AUTO-LITE 


Auto-Lite 
Engineering 
Plus Constant 
Laboratory 
Checking and Rigid 
Quality Controls 
Assure You of 
the Finest Quality 
Teflon Insulations. 


Teflon tetrafluoroethylene 

resins as applied by Auto- 

Lite meet the standards of 

MIL-W-16878B, Types E 

and EE, and Class H as 

designated by AIEFE. Tef- 

lon wire insulation by Auto-Lite can operate continuously at temperatures 
higher than 400°F. and lower than —-80°F. and still maintain excellent die- 
lectric properties. 

Because of Teflon’s high dielectric characteristics, thin wall insulation is 
effective in simplifying miniaturized component part assemblies. Teflon 
insulation will not burn, melt or decompose at soldering temperatures; 
soldering is easier and the danger of accidental grounding minimized. 

Auto-Lite applications of Teflon insure a non-inflammable insulation, 
completely unaffected by sunlight or outdoor weathering. Teflon resins 
resist corrosion, the growth of fungus and are free from water absorption 
by A.S.T.M. test D570-42. 

Auto-Lite is equipped to supply extruded or taped types of Teflon 
insulations in a choice of colors. 

Whenever you buy Auto-Lite, you buy the precision laboratory, en- 
gineering, and production control that Auto-Lite uses to manufacture not 
only Teflon, but all wire and cable products. 


*Teflon— Registered trademark E. I. Du Pont de Nemours Co. 


Rubber Compounding for Wire and Cable Products 


Wire and cable customers today look for service and dependability, and repeat 
orders depend on a quality of product which allows for no let-down or variation. 

To build quality consistently requires close control of raw materials, 
strict adherence to formulations in compounding, careful processing, and rigid 
inspection of finished products. 

Materials used in the manufacture of wires and cables must be of high 
quality; to insure this, Auto-Lite goes beyond the quality control reports sub- 
mitted by suppliers and carries on an incoming inspection of raw materials de- 
signed to eliminate any sub-standard shipments. 

Controlled blending of ingredients to tested formulations is done in modern 
equipment, to obtain a homogeneous compound such that each day’s run is 
representative of the overall production of a particular type of wire or cable. 


Possible Variations Controlled 


With so many different materials being used there is a large number of 
possible variables which can affect the properties of the final product. For 


continued on next page 


HOW TO GIVE YOUR 
PRODUCT A 
WINNING PERSONALITY 


Bay City Division’s Plastic 
and Precious Metal Finishes 
Help Develop Sales Appeal 


There’s a “‘charm school”’ for manufac- 
tured products up in Bay City, Michi 
gan. Here in the huge Auto-Lite plant, 
components of other manufacturers’ 
products are given the beauty treat- 
ment that makes the finished product 
sell itself to the customer on sight. 


Unusual Methods 

In producing these glamorous pieces 
Auto-Lite often uses out-of-the-ordin- 
ary methods, one of which is the 
vacuum metalizing process. This 
method deposits vaporized metal in a 
vacuum chamber, and is designed for 
maximum production flexibility. Auto- 
Lite employs a battery of small units, 
——continued on next page 
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Silicone Rubber Insulation 
Ideal for High Temperatures 


Since its introduction a little more than 
a decade ago, silicone rubber has en- 
joyed continued improvement and 
wider use. As an insulation it has many 
outstanding characteristics that make 
it an ideal insulation for Auto-Lite 
350 Wire, a general purpose, high 
temperature aircraft wire. 

For example, high strength silicone 
rubber has a tensile strength of 1200 
psi at room temperature. Bake it for 
200 hours at a temperature of 192°C. 
and it still retains 95% of its tensile 
strength. Expose it to a temperature 
as high as 232°C. for as long as six 
hours and it hangs onto 98% of its 
strength. Silicone rubber retains elong- 
ation exceptionally well with an 87% 
retention after six hours of exposure at 
232°C. Electrical strength in the face 
of 50% relative humidity at 77°F. 
rates 500 volts/mil. Volume resistivity 
under the same conditions reads 1.5 
x 1015 ohms-cm. 

When there is combustion of silicone 
rubber no carbonaceous material is 
formed. Silicone rubber ash is com- 
posed of silicone dioxide that provides 
space and material of insulation value 
for some time. 

All of these are good reasons why 
Auto- Lite 350 Wire has been so success- 
ful as a high-temperature aircraft wire. 

—_—>— 





Winning Personality — continued 





arranged for conveyor line operation. 
Different types of decorating require- 
ments can be handled simultaneously. 
These small vacuum chambers can be 
evacuated quickly and the metalizing 
cycle requires only 5 or 6 minutes. In 
some cases, the colors can be applied 
by the hot stamping technique where 
metal foil is carried on a cellulose 
backing and is transferred to the plas- 
tic molding as the foil and plastic are 
brought together between heated dies. 


These decorative 3-dimensional plastic 
pieces have almost limitless applica- 


tion to washers, dryers, ranges, freezers, 
air conditioners, refrigerators, fans, 
vacuum cleaners, power tools, out- 
board motors, vending machines, and 
many other items where beauty with 
permanence are essentials. 


Sheet Metal That’s Glamorized 


Bay Manufacturing Division has de- 
veloped unusual and exclusive proc- 
esses for applying precious metal fin- 


a 
ishes to sheet metal, and the most 
impressive piece of machinery in this 
connection is the huge automatic 
anodizing machine there that imparts 
either a clear or colored anodized sur- 
face to aluminum stampings. Stamp- 
ings are mounted on racks that are 





Is published for 
product, design, and 


engineering personnel everywhere . . 








carried by chain conveyor as they 
move from vat to vat in automatically 
controlled cycles of the process. 


Enter, Mastics! 


Often called upon to supply a com- 
plete sub-assembly, rather than just 
the molded plastic component of a 
unit, Bay Manufacturing Division of- 
fers a unique method of joining a 
plastic part to its metal mounting. 
Instead of relying on holes for screws, 
metal inserts, molded plastic lugs, or 
molded rims for bezel mounting, Auto- 
Lite uses mastic adhesives to bond 
plastic to metal. Advantages are: 
improved appearance, quicker assem- 
bly, elimination of such parts as screws, 
lugs, inserts, bezels and in many 
cases, reduction in cost. A reliable bond 
is formed which meets fully the most 
exacting requirements for permanence. 


—— 


New Auto-Lite Technical 
Data and Developments... 


California! Here we come!... bring your toughest 
aircraft wire problems to the Auto-Lite booth at the Wescon 
Show (Western Electronics Show & Convention) in the Pan 
Pacific Auditorium in Los Angeles, August 19 through 22 


Reference Catalog on wire covers automotive, plastic 
aircraft, electronic, and magnet wire. Shows test procedures 
magnet wire guide chart. and discusses packaging. A valuable 
text to have on hand No. 301 


Magnet Wire Catalog.. big new 32-page magnet wire 
catalog. Reserve your deluxe copy now! No. 609 


MAGNET WIRE LITERATURE .. 
five new envelope stuffers showing applications and 
detailed specifications on five types of Auto-Lite 


Magnet Wire 


BondALite™, for television applications. Specially shaped 
coils, cemented coils, self-supporting coils. no varnish needed 
TV yoke coils ... No. 610 


NyALite*, for armatures in electric motors. The addition 
of nylon over Formvar adds a degree of windability not present 
with Formvar alone. Has much higher thermoplastic flow temper 
ature. Can be used with varnishes containing polar solvents 


No. 611 


IsALite™*, for electric motors with high temperature ratings 
Outstanding thermal stability allows use as transformer and 
motor windings at 155 C, provided adequate ventilation exists 
and compatible varnish is used o. 650 


LectALite™, for hermetic type motors. Refrigeration hermetic 
motor applications. Can be used at 130 C inhermetic motors 
with Freon atmosphere -No. 651 


SodALite™, for television and electric motor applications 
All solderable wire applications from electronic coils to motor 
windings. Excellent for radio and television coils. Class 105 C 


WIRE & CABLE Division, The Electric Auto-Lite Company 
Port Huron, Michigan 


Please send me 


509 301 609 610 611 650 651 652 


NAME.. 
TITLE... 
FIRM NAME 
STREET 


1 fee .STATE.. 


*Trademarks of The Electric Auto-Lite Company 


continued —— 


Rubber Compounding— 


this reason the proper ingredients are 
weighed in relatively small lots for in- 
dividual mixing in a Banbury mixer. 
Successive batches prepared in the 
Banbury are fed into a large strainer- 
extruder by a conveyor, extruded, slit, 
and cut into sheets of uniform size 
and weight; another conveyor carries 
the sheets through a cooling cycle be- 
fore they are stacked for storage. 

This process, which combines a 
number of mixed batches in the 
strainer-extruder, provides uniformity 
over a long run and minimizes varia- 
tions attributable to any slight weight 
differences of ingredients from one 
batch to the next. 

A further refinement is added by 
passing the mix through a series of 
screens which remove any lumps, un- 
mixed particles, dirt, or other foreign 
matter which may be present. To in- 
sure that this operation is effective, 40 
mesh and 24 mesh screens have been 
installed in the strainer and no un- 
wanted particles get through to weaken 
the insulation. 

Slabs prepared from the compound 
batches are taken at random, cured in 
a press, and tested to specification re- 
quirements before the compounds may 
be released for further processing. 

Having the base compound prepared 
in sheets allows for addition of the cure 


with a minimum of working on the 
mill, less heat is generated, and plas- 
ticity is far more uniform, so that there 
are no excessively stressed sections in 
the tubed insulation. 

Continuous vulcanization at con- 
trolled temperatures and _predeter- 
mined speeds gives a consistently even 
cure, eliminates flattening of insu- 
lation, and, with proper cooling, stops 
formation of blisters frequently en- 
countered with stranded conductors. 


Improved Materials Sought 


To maintain the superiority of these 
insulations a continuing search is 
carried on for new and improved ma- 
terials—-synthetic rubber bases to give 
greater heat resistance, fillers which 
can be more readily combined, cura- 
tives which are more dependable 
throughout processing temperatures, 
always moving toward finer and more 
economical products. 
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FOR FURTHER INFORMATION on any of the 
items on this and following pages, CIRCLE num- 
bers listed at the end of items on the Reader 
Inquiry Service postcards, pages |7 and 19. 








Literature 
for the 


Design Engineer 


All-new listings of manufacturer's literature just off the press . . 


including catalogs, manuals and other reference publications relat- 


ing to components and materials for designed-in use in electrically 


energized end products. 


MOLDED-CASE CIRCUIT BREAKER — 
Fundamentals of selective short-circuit 
protection for motor circuits are cov- 
ered in Bulletin No. 5040-A. Reviews 
features and applications of type ETI 
molded-case circuit breaker—an_in- 
stantaneous magnetic-trip device spe- 
cially suited for short-circuit protection 
of motor circuits. Two pages of data 
tabulate range of ETI frame sizes, their 
instantaneous-trip ranges, and _ sug- 
gested trip setting positions for various 
horsepower motors. I-T-E Circuit 
Breaker Co. > 621 


ELECTRONIC EQUIPMENT FACILITIES 
— Twenty-page brochure describes 
company’s facilities and activities in de- 
sign and manufacture of specialized 
electronic equipment. Shows typical 
examples of test units and control as- 
semblies engineered for numerous mil- 
itary and_ industrial applications. 
Includes data on such items as motor- 
generator sets, ground power systems, 
flight simulators and computer equip- 
ment. Jackson Electronic & Manufac- 


turing Co. ->622 


GERMANIUM ALLOY - JUNCTION 
TRANSISTORS — Revised list of p-n-p 
germanium alloy-junction transistors 
includes numerous changes in previous 
specifications. All transistor types pre- 
viously listed are obsolete, unless in- 
cluded in this new chart. Industro 
Transistor Corp. 623 
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ALNICO MAGNETS, MAGNETIZERS, 
DEMAGNETIZERS — Catalog No. PR- 
19 describes stock permanent magnets, 
magnetizers and demagnetizers. Lists 
over 70 cast Alnico V magnets and over 
30 sintered Alnico II magnets avail- 
able in experimental quantities. In ad- 
dition, demagnetizers and line of electro 
and permanent magnetizers are offered. 
Indiana Steel Products Co. >624 


FULL-WAVE RECTIFIER — Electrical 
data sheet covers design, dimensions 
and performance characteristics of 
LEDEX B6163B full-wave bridge-type 
rectifier. Contains descriptive informa- 
tion, scale drawings, duty cycle chart, 
and connecting diagram showing alter- 
nate locations for control switch. G. H. 


Leland, Inc. ->625 


RELAYS — Four-page brochure No. 
58-3 features illustrations, technical de- 
scriptions and prices of 132 relays. 
Includes line of subminiature, sensitive, 
power, antenna, telephone-type and 
hermetically-sealed relays. Cross-refer- 
ence relay chart $200-A, showing the 
electrical and/or mechanical equiv- 
alents of 17 leading relay manufactur- 
ers, is also available. Kurman Electric 


Co., Div. of Norbute Corp. ->626 


INDUSTRIAL O-RINGS — Sixteen-page 
Fact Book contains useful information, 
such as size numbers and dimensions 
of all common industrial O-rings. Sizes 


are cross-indexed for easy comparison 
with many of the commonly used di- 
mensional specifications. Includes quick 
reference charts covering aeronautical 
material specifications, SAE-ASTM ma- 
terial specifications, MIL-R-5847C speci- 
fications, information about media in 
which various rubber compounds can 
be used. Minnesota Rubber Co. 627 


EPOXY RESINS — “Epoxy Resins — 
Applications and Advantages” is title 
of illustrated 8-page brochure giving 
comprehensive summary of uses of 
epoxy compounds in metal-forming, 
plastics-forming, electronics and elec- 
trical manufacturing, appliance manu- 
facture and _ aircraft manufacture. 
Subtitled “a guide to resin selection,” 
it has 3 major divisions covering plastic 
tooling, potting and impregnating, coat- 
ing and adhesion. Marblette Corpor- 
ation. 628 


ELECTRONIC COOLING EQUIPMENT — 
Thirty-four page catalog on fans and 
blowers for electronic applications con- 
tains section of engineering informa- 
tion for design of forced convection 
cooling systems. Charts on performance 
limits and heat dissipation are in- 
cluded. Special section also devoted to 
blower housing variations. McLean 
Engineering Laboratories. ->629 


DESK-SIDE ANALOG COMPUTER — 
Illustrated 8-page brochure describes 
Model MC-400 desk-side analog com- 
puter. Brochure gives detailed descrip- 
tion of operational amplifiers and other 
standard and optional equipment, in- 
cluding removable patchboards, 3-way 
amplifiers, extra operational and com- 
puting elements, and special servo 


equipment. Mid-Century Instrumatic 
Corp. ->630 


RUBBER AND SYNTHETIC PARTS — 
Brochure illustrates and describes in 
detail various types of products com- 
pany makes and their facilities for 
quality rubber processing. Included is 
table giving various properties of 
natural rubber and most commonly used 
synthetics. Types of rubber such as 
sponge rubber (which is made into 
parts of all shapes and sizes), sheets 
and strips in Buna N, Buna-S, Hycar, 
Neoprene, silicone and natural rubber 
are covered. Overall picture of plant 
and its facilities is given. Mechanical 
Rubber Products Co. >631 


FILLED NYLON PARTS — Four-page 
folder on NYLATRON “GS” (molyb- 
denum disulphide) filled nylon parts 
describes property advantages of the 
fortified nylon, including property data 
on its measured advantages in dimen- 
sional stability, wear and _ frictional 
characteristcis. Applications in elec- 
trical, aviation and metal-working in- 
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by R. George Roesch 


Automatic Wire Processing 
with Standard Equipment 


When standard equipment can be incor- 
porated into a system for automatically 
Stripping, fluxing and tinning coil leads, the 
cost of such equipment is invariably much 
less than that of special equipment. 


The benefits of mechanizing any operation 
are (1) uniform quality, (2) fewer rejects 
and (3) lower inspection costs. 


For example, using a standard wire strip- 
per such as illustrated, we have made auto- 
matic coil lead straightening, trimming and 
stripping equipment for Electric Auto-Lite, 
Ford Motor, General Electric, Westinghouse 
and others. (Note: Each system was de- 
signed and built to meet the individual re- 
quirements of the user.) 


A COMPLETE PROGRAM generally 
works out like this: 


1. Your Products and Your Present 
Methods are studied by our en- 
gineers, without obligation to you. 


. When we are certain we com- 
pletely understand your needs and 
wi a of Engineering 
and Experimental Work will be 
submitted. (NOTE: Nothing will 
be undertaken until Proven Meth- 
ods have been experimentally de- 


ane 

> Program will tell you (a) 

How ye Time will be required 

and (b) The Maximum Cost of 
xperimental 


and E 
Work. 


. If you accept this program, the 
results must meet your own i- 
fications. Otherwise there will be 
no charge made by us. 
Assuming the =a made 
prove the job can be done, we 


If you are making Coils in large numbers, 
we'd like to hear from you. 


THE ERASER COMPANY, INC. 
1068 S. Clinton St., Syracuse 4, N. Y. 


It is said by Tin Research Institute that 
soldering of silver-plated contacts can be 
facilitated if the surfaces are first immersed 
in a cold solution of 8% thiourea in 5% 
hydrochloric acid. 
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dustries are included. National Poly- 
mer Products, Inc. ->632 


PHENOLITE COPPER-CLAD LAMINATES 
—Bulletin entitled “A Better Founda- 
tion For Printed Circuitry” describes 
line of copper-clad Phenolite. Bulletin 
charts performance and illustrates 11 
grades of copper-clad materials for 
printed circuit applications, lists typical 
uses for these materials. Presents 
typical test values for each Phenolite 
copper-clad grade. National Vulcanized 


Fibre Co. > 633 


VARIABLE SPEED MOTOR PULLEY— 
Twenty-page Bulletin V-582 describes 
the 90 Series Vari-Speed motor pulley, 
designed for applications frem ™% 
through 15 hp, with up to 4 to 1 ratios 
of speed variation. Included are con- 
struction and engineering details. illus- 
trations, specification charts and dimen- 
sional drawings. Reeves Pulley Div.. 
Reliance Electric & Engineering Com- 
pany. > 634 


SILICONE RUBBER INSULATED CABLES 
—Sixteen-page booklet on “NEPCO- 
SIL” silicone rubber insulated cables 
describes special properties of NEPCO- 
SIL particularly suited to temperature 
applications to 200 C and to conduit 
installations where load facilities make 
it impractical to increase copper sizes. 
Included are performance data, service 
life and physical properties, electrical 
characteristics, suggested applications 
and test results. National Electric Prod- 
ucts Corp. ~>635 


ENGINEERING AND OPTICAL FACIL- 
ITIES—The first issue of “Optics Plus,” 
a quarterly publication of its Engineer- 
ing & Optical Div., has been published 
by Perkin-Elmer Corp. The publication 
will report on developments in pre- 
cision optics and instrumentation, in- 
cluding fields of optical tracking, mili- 
tary infrared and aerial reconnaissance. 
Covered in first issue are giant missile 
tracking cameras and alignment devices 
for inertial guidance systems, as well as 
sun-telescope camera and projects for 
the IGY. Perkin-Elmer Corp. ~->636 


WAVEGUIDE BENDS — Twelve-page 
Catalog No. C-158 provides up-to-date 
guide for selection of precision cast 
bends and formed waveguide bends. 
Covers variety of bends offered and 
provides simplified ordering informa- 
tion. Microwave Development Labora- 
tories, Inc. ->637 


SILICON DIODES — Twenty-four page 
Catalog 58-S_ describes microwave 
silicon diodes and includes technical 
data and receiver design information 
for low noise mixer and video diodes 
for applications in 300 mc to 70 kmc 
range. Recently developed diode for 


test equipment applications also de- 
scribed. Performance curves, nomo- 
graphs, outline drawings and illustra- 
tions are included. Microwave Associ- 
ates, Inc. ->638 


TFE FLUOROCARBON BASE RESIN— 
Four-page bulletin describes FLUORO- 
SINT TFE resin, a_ polytetrafluoro- 
ethylene base composition. Available in 
molded parts, it has been designed to 
improve mechanical and thermal prop- 
erties of pure polytetrafluoroethylene 
without affecting its characteristics. 
Contains charts and tables comparing 
properties of the material to Teflon. 
Mechanical, electrical, chemical and 
thermal properties included. The Poly- 
mer Corporation of Pennsylvania.~->639 


ORDNANCE FACILITIES BROCHURE— 
Sixteen-page illustrated booklet describ- 
ing the activities and facilities of com- 
pany’s ordnance division includes ex- 
amples of division’s work in such fields 
as_ missile sub-systems, 
warheads, arming and fuzing mechan- 
isms, sonar, underwater ordnance, fire 
control systems and __ servo-systems. 
Ordnance Div., Minneapolis-Honeywell 
Regulator Co. ->640 


systems and 


ELECTRICAL CONTROL EQUIPMENT— 
Sixty-four page brochure gives detailed 
information, technical data and prices 
on all types of automatic electrical 
control equipment. Includes applica- 
tions, construction details, engineering 
information and operating features, 
general data and design specifications. 
Indexed in 4 sections, covering auto- 
matic transfer switches, contactors, 
special controls and timing devices. 
Zenith Electric Co. >641 


COUPLINGS—Four-page bulletin § de- 
scribes major products in line, includ- 
ing the Waldron standard gear coup- 
ling, Francke Flexible, the 162 “M” 
nylon gear coupling which needs no 
lubrication, Waldron Junior, Anchor 
Waldron Cut-Out, Anchor Waldron 
Cut-Out Coupling and Smith and Ser- 
rell Flexpin and Flexring. John Wald- 
ron Corp. >642 


MINIATURE PRECISION POTENTIOM- 
ETERS—Brochure describes Type “E” 
line of potentiometers designed for in- 
dustrial and military uses, and meeting 
applicable portions of MIL-E-5272A 
and JAN-R-19. Offered in 3 sizes (1, 
Ye and 11% in. diam) and 70 standard 
resistance values. Standard items in- 
clude both split and plain bushing 
models. Waters Manufacturing, Incor- 
porated. >643 


RARE AND’ SPECIALIZED METAL 
STAMPINGS — Four-page folder de- 
scribes services of company in fabrica- 
tion and production of stampings from 
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NORTH RVF ROTARY SWITCH G/VES YOU 


apnea 


For circuit applications requiring up to 
30 points per level, the switch is provided 
in 2, 4 or 6 levels with single rotor. For 
circuit applications requiring up to 12 
levels with 15 points per level, the switch 
is furnished with a dual rotor. Bank con- 
tact ratings: 1 amp at rest; .2 amp. resis- 
tive when stepping. Off normal contact 
ratings .4 amp. resistive. Switch may be 
driven self-stepping or externally. Gold 
plated bank contacts and wipers are avail- 
able for low level switching. Available with 
12, 24, 48, 110 V. D.C. coils. Built-in spark 
suppression on 24 and 48 volt switches. 
Mounting dimensions: 1.968”x3.661” O.C. 
Overall height: 434” height above mount- 
ing, 314” (max. dimensions for 6 level 
switch). Weight: 1.32 lbs. 
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30 INPUTS AND 30 OUTPUTS PER LEVEL give you a flexibility in 
circuit approach unmatched by any other stepping switch! 

For application to programming, sequence control, routining, 
impulse counting, tallying, or as a memory device, the 
completely dust enclosed North RVF Switch is the most versatile, 
flexible, reliable Stepping Switch on the market! 


INDUSTRIAL DIVISION 
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Fishing 
for 
economical 
small 
parts? 





Net 
bigger 
net 
profits 
with 
Mohawk 
threaded 
components 








Write today for Bulletin 103 


mohawk 


MANUFACTURING COMPANY 
MIDDLETOWN, CONN. 
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rare and specialized metals. Include; 
quick reference chart covering prop- 
erties and typical uses for 20 different 
types of rare or special metals. The 
Staver Co. > 644 


400-W MERCURY LAMP TRANS- 
FORMER—Technical bulletin MV-306 
describes 400 w constant wattage mer- 
cury lamp transformer, includes typical 
performance data, regulation curve. 
warm-up curve and open circuit curve. 
Various accessories for mounting trans- 
former are also described. Sola Electric 


Co. >645 


BERYLLIUM COPPER SPRINGS—Cata- 
log No. 10 covers compression springs. 
flat springs, strip springs, contact rings. 
contact strips and screw machine prod- 
ucts, all fabricated of beryllium copper. 
Advantages include high strength and 
endurance and corrosion resistance. 
Includes engineering data on expanded 
line of I-S products, describes design 
engineering service available, tool-mak- 
ing facilities and lists various finishes 
available. Instrument Specialties Co.. 


Inc. >646 


ELECTRICAL INSULATION PRODUCTS 
—Illustrated 16-page Catalog 24 de- 
scribes standard packaged slot insula- 
tions, formed fiber and shaped wood 
wedges and fibre washer kits, with 
selection guides and ordering data. 
Also described are some new insulation 
products fabricated, including polyester 
film wedges, contour slot insulators and 
crimped paper transformer layer in- 
sulations. Manufacturers 
Corp. ->647 


Insulation 


SUBMINIATURE ELECTROLYTIC CA- 
PACITORS—Catalog sheet gives data on 
Type SMT tubular electrolytic capaci- 
tors, including voltage range and 
temperature ranges. Listed in chart 
form, information is easy to use for 
reference. Also illustrated and described 
is Type SMTU upright electrolytic 
capacitor line. Graphs showing other 
information are also included, as are 
complete physical specifications. I]- 
linois Condenser Co. >648 


INSERT DIE-CAST AND _ PLASTIC 
MOLDED PARTS—Bulletin describes 
special service for automatically pro- 
ducing small insert die cast and insert 
plastic molded parts. Process turns out 
insert components of uniform dimen- 
sions and to close tolerances. Type of 
components makes possible new ap- 
proaches in product designs. Gries 
Reproducer Corp. 649 


EPOXY RESIN SYSTEMS—Brochure out- 
lines physical and electrical properties 
of epoxy resin systems, covering 25 
of systems offered by company. In- 
cluded are room-temperature, moderate- 


temperature, and moderate-high-temp- 
perature curing systems. For each sys- 
tem, chart gives average pot life, 
viscosity in centipoises, recommended 
cure conditions, flexural deformation 
temperature, and maximum exothermic 
temperature. Permacel-Lepage’s Incor- 
porated. 650 


FINE PITCH GEARS—Brochure No. 
5811 describes many different types of 
“UQ” fine pitch precision gears, from 
Pl to P4 AGMA standards, from 300 
to 24 diametral pitch, from 0.0625 in. 
in diam up. Illustrates typical applica- 
tions, such as an 1114 million to one 
reduction gear train for a_ sidereal 
clock, servo mechanisms and _ selsyn- 
controlled missile gear drives. Western 
Gear Corp. 651 


SNAP-ACTING BI-METAL THERMO- 
STATS—Bulletin 6100 covers line of 
Type MX snap-acting bi-metal disk 
thermostats designed for use in missiles, 
avionic and electronic applications re- 
quiring close temperature control. Rat- 
ings, construction details, dimensions 
and various terminal arrangements are 
shown in diagrams, tabular data and 
photographs. Stevens Manufacturing 
Company, Inc. > 652 


AUTOMATIC VOLTAGE REGULATORS 
—Twelve-page bulletin S-3581E de- 
scribes standard line of instantaneous 
electronic automatic voltage regulators. 
Bulletin gives ratings, outline dimen- 
sions, features, illustrations and prices 
on types in series. The Superior Elec- 


tric Co. ~>653 


REGULATED POWER SUPPLIES—Two 
page data sheet describes Magnetic 
Rangers, Models MR36-15 and MR36- 
30. These regulated, 5- to 36-volt d-c 
power supplies have outputs of 0-15 
amp and 0-30 amp. Features include: 
+0.25 per cent regulation accuracy, 
0.2 sec response, remote sensing and 
floating outputs. Sorensen & Company, 
Inc. ->654 


POLYVINYL PLASTISOLS—Sixteen-page 
brochure features end-uses for Chem-o- 
sol coating and molding compounds and 
describes varied application methods. 
Includes technical data on stock formu- 
lations and descriptions of future uses. 
Case histories cite production cost- 
cutting techniques, as well as product 
improvements. Chemical Products Corp- 
oration. —>655 


SUBMINIATURE DELAY LINES—Data 
sheet 140 describes small-size series of 
standard delay lines which meet re- 
quirements of MIL-C-15305A, Grade 1, 
Class B. Impedances range from 500 
to 2000 ohms, and delays up to 1 psec 
in square package only 4% x % x 3% 
in. long, or tubular package 34 in. OD 
x 2146 in. long. Units can be mounted 


ELECTRICAL MANUFACTURING 





ee 


~~ 


CUTLER-HAMMER 


Only Cutler-Hammer Three-Star Motor Control 
with vertical dust-safe contacts could withstand 
the ravages of the flour-like kaolin dust. 


Large Southern kaolin processing plant cuts 
maintenance costs with Cutler-Hammer Control 


By the very nature of the product, kaolin 
processing is an extremely dusty operation. 
Because of this the electrician at a large 
Southern kaolin plant found it necessary to 
replace the dust-fouled contacts in the 
motor starters every 30 to 60 days. Several 
makes of motor control were tried, but the 
results were always the same. . . dust laden 
contacts wore rapidly requiring frequent 
attention. 

Thirteen months ago a Cutler-Hammer 
Three-Star Magnetic Starter with vertical 
dust-safe contacts was installed, and the 
electrician reports perfect operation with- 


out a single contact replacement... no time 
lost for repairs. 

This is positive proof of dependability 
... proof that Cutler-Hammer Three-Star 
Motor Control works better, lasts longer 
than any other on the market today. Why 
take chances with costly production inter- 
ruptions? Order dependable Cutler-Hammer 
Three-Star Motor Control from your near- 
by Authorized Cutler-Hammer Distributor 
today. For complete ordering information 
write for the Cutler-Hammer Merchan- 
diser. CUTLER-HAMMER Inc., 1264 St. 
Paul Avenue. Milwaukee 1, Wisconsin. 


CUTLER-HAMMER 


Cutler-Hammer Inc., Milwaukee, Wis. Division: Airborne Instruments Laboratory. foreign: Cutler-Hammer International, C. A. 
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Associates: Canadian Cutler-Hammer, Ltd.; Cutler-Hammer Mexicana, S. A.; Intercontinental Electronics Corporation, Inc. 


Circle 239 on page 17 





ve HPN COILED CORD 


adds new sales appeal to your appliances 
A Just look at the features below! They will give you an idea of how 
the specially engineered construction of HPN Coiled Cords leads to consumer 


benefits that add to the visible sales appeal of your appliance. 
Better yet, get in touch with your 


Cords Ltd. product application engineer 





and see for yourself. Call today. 


SELF-ADJUSTING TENSION... 
APPLIANCES REMAIN STATIONARY 


For New Heat Probe 


to: raat 





For Electric Heaters and 


Small Appliances 
HOLOS THERMOSTAT /N 


FASILY STORED... 
SUSPENSION /F OROPPED 


NEAT APPEARING 


/S SAFE... DOES NOT HANG FROM 


WiLL NOT TANGLE 
WORK AREA... PREVENTS TRIPPING 


OR KNOT 


For Electric Iron Applications 


ADDITIONAL BENEFITS? 
FLEXING QUALITY /8 PERMANENT 
USE ON LIGHT OR HEAVY APPLIANCES 
RUGGED CON STRUCTION...FEWER CORD REPLACEMENTS 
RETRACTILE FORCE OF CORD /S CONTROLLED 
WiLL CARRY THE Yi LABEL 


AVA/LABLE IN UNIT PACK...SPEEDS PRODUCTION 
ANDO PACKAGING 


TORSIONAL EFFECT LOCKS ATTACHMENT PLUS 
BLADES /N RECEPTACLE 





CORDS LIMITED 
Division 


Essex Wire Corporation, DeKalb, Illinois 
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horizontally or vertically, or stacked on 
mounting screws. NYT Electronics, In- 
corporated. > 656 


SOLDERING ELECTRICAL CONNECTORS 
—Ten-page report gives step-by-step 
procedure for soldering of miniature 
electrical connectors. Entitled ‘“Elec- 
trical Connector Soldering Techniques,” 
material was prepared under direction 
of Irving Jensen, head of the company’s 
government-certified electrical connector 
laboratory. The Deutsch Co. ~>657 


APPLIED RESEARCH IN SPACE TECH- 
NOLOGY—Applied research in space 
technology, plasma dynamics, and hy- 
personics is described in 16-page book- 
let. Each of the five principal opera- 
tions in G-E Missile and Ordnance 
Systems Dept.’s Aerosciences Labora- 
tory is summarized. Included are de- 
tailed drawings of 6 in. diam, 134-ft- 
long shock tunnel and picture caption 
summaries of research activity in gas 
ares, recombination rates. plasma ac- 
celeration, material emissivities, high- 
temperature radiation, and gas-phase 
chemical reactions. Missile and Ord- 
nance Systems Dept., General Electric 


Co. ->658 


PARTICLE ACCELERATORS — Twelve- 
page brochure on particle accelerators 
describes the many known and poten- 
tial applications of both Van de Graaff 
and linear accelerators, using photo- 
graphs and line drawings to point up 
design and performance features. Con- 
densed specifications for entire line of 
accelerators are provided in table to 
quickly determine appropriate acceler- 
ator model for specific program. High 
Voltage Engineering Corp. > 659 


DIGITAL INDICATOR—Catalog 51-1800 
describes precision in-line digital indi- 
cator that accepts variable frequency 
a-c input (such as produced by turbine- 
type flow meters, tachometers, and other 
primaries) and converts it to a 5-digit 
indication, accurate to within 1 fre- 
quency count. Fischer & Porter Com- 
pany. ->660 


PACKAGED HYDRAULIC SERVO DRIVES 
—Twelve-page bulletin treats hydraulic 
servo drives for weapons systems de- 
veloped and produced during last 20 
years. Featured is precision response 
to small signal characteristic of servo 
hydraulics and electro-hydraulic sys- 
tems. Missile hydraulic power (air- 
borne, launching, ground handling and 
checkout) and a dynamic fire control 
simulator are among applications illus- 
trated. Vickers, Inc. >661 


POLYESTER TAPES — Four-page bro- 
chure, intended to aid designers in 
selecting polyester tapes, lists physical 
and electrical properties of “Scotch” 
brand polyester tapes. Data are listed 
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in cross-reference chart complete with 
recommended temperatures for curing 
thermosetting adhesives. Chart lists 
upper temperature limits of each tape 
by number and military specification 
met by tape. Minnesota Mining and 
Manufacturing Co. ~>662 


MOTOR SPEED-CONTROL — “How to 
Maintain Constant Motor Speed,” a 4- 
page bulletin, describes line of “Fincor” 
a-c and d-c motor controls. Units make 
use of static magnetic amplification to 
maintain desired motor speed regardless 
of load variations. There are no thyra- 
tron vacuum tubes or motor-generator 
sets. Fidelity Instrument Corp. 663 


READ-RECORD HEADS—F our-page bul- 
letin E200 contains physical and opera- 
tional characteristics of military and 
general-purpose read and record heads 
designed for magnetic drums in air- 
borne data-handling systems, computer 
memory systems and laboratory testing. 
Includes design features and specifica- 
tions for both read-record heads and 
associated magnetic drum memory sys- 
tems. Librascope, Inc. > 664 


ELECTRONIC INSTRUMENTS—Catalog 
describes Transitron line of electronic 
instruments: signal and sweep gen- 
erators, video translator, frequency 
standard and insulation tester to serve 
industrial and military markets. In- 
cludes general description, features, 
applications and specifications. Elec- 
tronics Div., Van Norman Industries. 
Inc. > 665 


THERMISTORS AND VARISTORS — 
Technical and product catalog contains 
engineering data covering over 250 
standard thermistors and varistors, with 
applications and characteristics. Along 
with this are many curves and drawings 
included to assist engineer in selection 
of proper unit. Victory Engineering 
Corp. > 666 


SELF-CENERATING PHOTOELECTRIC 
CELLS—Line of self-generating photo- 
electric cells is described in 12-page 
Bulletin EPD 3216-1. Included are con- 
struction details, performance  char- 
acteristics. power output charts, elec- 
trical circuit diagrams for typical ap- 
plications, and suggested uses in elec- 
trical and industrial engineering. Vick- 
ers, Inc., Electric Products Div. ~>667 


SNAP-ACTING SWITCHES — Twenty- 
eight page catalog of Unimax precision 
snap-acting switches gives information 
on units in general-purpose, high- 
sensitivity, environment-free, immersion- 
proof, metal-cased, AN and JAN, d-c, 
reset, appliance, miniature and sub- 
miniature styles. Index tells where to 
find dimension drawings. descriptions, 
force and movement specification tables, 





They can be your design assistants 
on other Essex Engineered Products. 





COILED CORDS- CORD SETS 


Prime source for plastic and rubber power 
supply cords. Terminations of all types (molded 
plastic and rubber) with infinite design possibil- 
ities. Complete line of Coiled Cords 
including HPN, 


Write for Coil Cords Literature 
Cords Limited Division, DeKalb, Ill. ® 





GENERAL 
PURPOSE 


RELAY 


The basic relay and numerous contact forms, 
ratings and terminals variations are regular 
production items...have been “customerized” to 
solve almost every conceivable problem. Such 
versatility permits engineering short-cuts that 
lower your “back door” cost. 


Write for Bulletin 1060 
R-B-M Control Div., Logansport, Ind. 














APPLIANCE WIRES 


Designed for your industry, a complete line of 
“Essex Engineered" appliance wiring material 
—thermoplastic, rubber, neoprene and silicone 
lead wire, plus internal refrigerator wires, 


power supply cords and heater wire. * 
Wire and Cable Div., Ft. Wayne, Ind. 83. 





ESSEX 


WIRE CORPORATION 
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LIBRASCOPE X-Y PLOTTERS 
offer the highest accuracy in 
rapid graphic presentation for 
data handling. In ever expand- 
ing areas of application —in 
scientific laboratories, indus: 
trial, engineering and business 
offices—wherever automatic 
plotting is important. 





Model 200-A 
Potentiometer Transducer type 


NEW LIBRASCOPE 
xX-Y PLOTTERS 


Model 200-B 
for DC signal inputs 


Optional accessory input chas- 
sis provide for changing from 
one type of input to the other. 
A complete line of accessories 
— keyboards, binary, punched 
card and punched tape con- 
verters—make the new series of 
Librascope X-Y Plotters ideal for 
any point plotting or curve trac- 
ing assignment. 


ACCURACY: Static-.1% 
Dynamic-.5% at 5”/sec. 
RESPONSE: 1 second full scale 
PLOTTING AREA: 10”x 15” 


Absolutely drift free—High input impedance 
Reliable new ink feed system. 





IBRASCOPE 








LIBRASCOPE, INCORPORATED 
40 East Verdugo St., Burbank, Calif. 
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and electrical ratings for each type. 
Unimax Switch Diy., The W. L. Maxson 
Corp. > 668 


PLASTIC LAMINATES—Data sheet No. 
8-1 describes the laminates as a com- 
bination of high-purity (99.5 per cent 
or better) rolled copper on superior 
plastic base materials. Four-page illus- 
trated bulletin includes tables listing 
physical, mechanical and_ electrical 
characteristics of 4 grades in produc- 
tion: XP, Cu-246, XXXP-242 and GEC- 
500. Taylor Fibre Co. > 669 


HIGH RELIABILITY FACTOR—Sixteen- 
page illustrated booklet entitled “High 
Reliability” cites examples of increasing 
complexity of product design—the 
growing number of component parts of 
automated machines, the multiplying 
quantity of mechanical and electrical 
items in the household. Describes need 
for more reliable equipment and exact 
determination of product reliability 
(defined as likelihood or chance that 
part or will do the job in- 
tended). Standard Pressed Steel Com- 
pany. ->670 


dev ice 


SERVOMECHANISM DEVELOPMENT — 
Mechatronic Development Apparatus 
catalog describes amplifiers, power 
supplies, modulators, motors, motor- 
tachometers, synchros, potentiometers. 
First 16 pages are a primer on servo- 
mechanisms, complete with definitions 
and examples. Remaining 36 pages 
provide detailed descriptions of each 
component with application data. 
Servomechanisms, Inc., Mechatrol Div- 
ision. > 671 


ELECTRO-HYDRAULIC CONTROL — 
Four-page Bulletin No. 809 describes 
and illustrates line of electro-hydraulic 
servo valves and a valve production test 
stand. Details on services of company’s 
research and development and systems 
engineering operations also given. 
Feature of bulletin is checklist of 
applications for servo valves. Sanders 
Associates, Inc. ->672 


INFRARED TRANSMITTING MATERI- 
ALS—Brochure provides revised com- 
parative information on 15 different 
infrared transmitting materials suitable 
for use as optical elements. Transmis- 
sion curves are included for the 11 most 
important materials. Servo Corporation 
of America. > 673 


EPOXY COMPOUNDS—Three-page bul- 
letin 6040-1 describes availability of 
family of HYSOL 6040 epoxy com- 
pounds, a pure, liquid epoxy base resin. 
Included with bulletin is data chart 
of 3 selected 6040 base resins showing 
comparative properties when used with 
5 important hardeners. Houghton Lab- 
oratories, Inc. >674 


WIRE-WOUND RESISTORS—F our-page 
bulletin describes line of encapsulated 
resistors featuring unusual stability, 
low temperature coefficient and close 
tolerance. Contains actual size illustra- 
tions of various models as well as tech- 
nical specifications and 
schematics. Ultronix, Inc. 


dimensional 
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STAINLESS STEELS—Series of data 
sheets covers 17 types of stainless steels. 
An accompanying 8-page guide has also 
included to indicate 
resistance to various 
Data 
chemical composition, typical applica- 


been corrosion- 


chemical media. 


sheets cover factors such as 


tions, processing, physical properties, 
mechanical proerties, machining, form- 
ing, welding and others. Stainless Steel 
Division, Jones & Laughlin Steel 


Corp. ~>676 


CAPACITORS—Four-page brochure il- 


lustrates and describes line of ca- 
pacitors including specifications, test 
data and applications. Shows how 
manufacturing process of bonding vitre- 
dielectric to fine-silver 
electrodes results in superior perform- 


677 


ous enamel 


ance. Vitramon, Inc. 


“Oo” RINGS OF TEFLON—High-pre- 
cision Teflon “O” ring seals with 
dimensional tolerances of +0.001 in. 
and less are described in 2-page tech- 
nical bulletin TR-2772. Describes round 
and square cross-section “O” rings, 
precision-machined of high-polymer, 
high-density “TSI’-type Teflon  de- 
veloped by company. Seals range in 
size from an OD of %2 in. up to ™e 
in.; ID from 1% in. to 34 in. Tri-Point 


Plastics, Inc. ->678 


TEMPERATURE AND PRESSURE MEAS- 
UREMENT — Twenty-page booklet, a 
glossary of terms used in temperature 
and pressure measurement, provides up- 
to-date reference guide to terms fre- 
quently used in this field. Illustrated 
with drawings and graphs, booklet use- 
ful to scientists, engineers and designers 
in aircraft, missile, and process in- 
dustries. Trans-Sonics, Inc. ->679 


LETTERING MACHINE—Pamphlet de- 
scribes Model E-24 lettering machine. 
Universal keyboard and _ electricallv- 
controlled impression permits typist to 
produce accurate, legible lettering on 
surface of tracings, litho-plates, stencils 
or any other duplicating master. Vari- 
Typer Corp. —>680 


MICROWAVE FILTERS—Catalog C3-58 
lists a number of standard low-pass 
and high-pass filters of the block, tu- 
bular and shell types operating in 
ranges from 10 mc to 12 kme. Catalog 
C2 illustrates typical waveguide r-f 
filters with very sharp cutoff and low 
insertion loss in the passband. Micro- 
phase Corp. ->681 
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Miniature 
plug-in Relay 
for printed 
circuits 


SQPC Relay—Length, 1 3/4’; 
height, 1 5/16” to 1 3/4’ 
(depending upon 
number of springs); 


..- Millions width, 1 
of operations 
without attention! 


Need a dependable relay for direct inser- 
tion into printed circuits? Automatic Elec- 
tric’s new Printed-Circuit Relays run up to 
120 million operations without a single 
readjustment or relubrication! 


Miniaturized without sacrifice of rugged- 
ness, these SQPC Relays, with reinforced 
mounting, deliver reliable performance 
under extreme conditions — dependable 


contact operation at up to 10.5 G's, 25 G's RELAY SPRING TAKING ITS “PHYSICAL.” A technician 
shock, and temperatures from —55° to explores critical spring areas for tool marks and concealed 
+85°C. defects—calibrating radii to .001 inch—checking for the strength 


SOPC Miniature Printed Circuit Relays Nita" ay otal nme en 
are available with many different contact try—a compelling reason why you should specify AE in your 
spring arrangements—can be permanently engineering. 

secured with any acceptable soldering 


technique. 


Save parts, assembly and wiring time by using printed circuits—and Automatic Electric SQPC Relays. For 
full details, write or call: Automatic Electric Sales Corp., Northlake, Illinois. In Canada: Automatic 
Electric Sales (Canada) Ltd., Toronto. Offices in principal cities. 


AUTOMATIC ELECTRICS . 


Northlake, Illinois * Subsidiary of GENERAL TELEPHONE 
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Association Activities 





National Conference on Application 

of Electrical Insulation 

Practical problems dealing with every 
type of proven insulation system will 
be discussed at the First National Con- 
ference on the Application of Electrical 
Insulation, to be held at Cleveland on 
September 3, 4, and 5, 1958. The pro- 
gram for this conference was arranged 
during a meeting of the Conference 
Committee members at NEMA head- 
quarters in New York City, under the 
direction of J. R. Perkins of The Du- 
Pont Co., general chairman of the con- 
ference, and H. H. Chapman, Jr., of 
Owens - Corning - Fiberglas, program 
chairman. Co-sponsors of the con- 
ference are the AIEE and NEMA. 

It was decided to run concurrent 
sessions at Cleveland, with topics 
divided according to equipment cate- 
gory, as follows: rotating equipment, 
transformers, controls and instrumenta- 
tion, and electronics. 

Under the direction of R. V. Lohse, 
of the Johns-Manville Corp., a preprint 


Be 


booklet is being prepared for distribu- 
tion to all those attending the con- 
ference. Many kinds of insulation, such 
as magnet and hook-up wire, varnishes, 
flexible insulation, mica combinations, 
laminates, and liquid dielectrics will be 
discussed. 

An additional feature of the con- 
ference will be technical exhibits by 
the insulation manufacturers. Most of 
these will illustrate topics dealt with in 
the conference sessions. Exhibit hours 
are arranged so as to conflict as little 
as possible with the technical sessions. 


Fourth Annual Conference on 
Magnetism and Magnetic Materials 


This Conference, sponsored by the 
Magnetics Subcommittee of the Basic 
Science Committee of AITEE, seeks to 
bring together those interested in basic 
and applied work on magnetism. 
Papers are solicited in the fields of 
basic theoretical and experimental in- 
vestigation, potential engineering appli- 


Calendar of Meetings 


Aug. 6-8—1958 Special Technical 
Conference on Non-Linear Mag- 
netics and Magnetic Amplifiers, 
Hotel Statler, Los Angeles, Calif. 


Aug. 13-15—Conference on Elec- 
tronic Standards and Measurements, 
sponsored by AIEE and IRE, at the 
Radio Standards Laboratory of Na- 
tional Bureau of Standards, Boulder, 
Colo. 


Aug. 19-22—Western Electronic 
Show and Convention, Ambassador 
Hotel, Pan Pacific Auditorium, Los 
Angeles, Calif. 


Sept. 3-5—Cryogenic Engineering 
Conference, Massachusetts Institute 
of Technology, Cambridge, Mass. 


Sept. 3-5—First National Confer- 
ence on Application of Electrical 
Insulation, co-sponsored by ATEE 
and NEMA, Pick-Carter and Statler- 
Hilton Hotels, Cleveland, Ohio. 


Sept. 15-19—13th Annual Instru- 


ment-Automation Conference and 
Exhibit, sponsored by Instrument 
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Society of America, Philadelphia 
Convention Hall, Philadelphia, Pa. 


Sept. 22-24—National Symposium 
on Telemetering, Americana Hotel, 
Miemi Beach, Fla. 


Sept. 24-25—Industrial Electronics 
Conference, Rackham Memorial 


Bldg., Detroit, Mich. 


Oct. 6-7—National Symposium on 
Extended Range and Space Com- 
munications, sponsored by the Pro- 
fessional Groups on Antennas and 
Propagation and Communications 
Systems of the IRE and George 
Washington Univ., Lisner Audi- 
torium of G. Washington Univ., 


Wash., D.C. 


Oct. 13-15—14th Annual National 
Electronics Conference, sponsored 
by IRE, ATEE and EIA, Hotel 


Sherman, Chicago, Il. 


Oct. 30-31—1958 Electron Devices 
Meeting, sponsored by the Pro- 
fessional Group on Electron Devices 
of IRE, Shoreham Hotel, Wash. 
D.C. 


cations, and apparatus and techniques 
which utilize recent advances in mag- 
netism. Invited papers will be presented 
by several distinguished foreign and 
American scientists. 

Titles of contributed papers should 
be submitted by August 1 and abstracts 
of 200 to 500 words must be received 
by September 1. Completed papers are 
to be handed in at the conference for 
publication in the Conference Proceed- 
ings, the form of which has not yet been 
determined. Presentation of contributed 
papers will be from 10 to 15 minutes. 

Prospective authors should submit 
titles by August 1 by writing to the 
Program Committee Chairman: H. B. 
Callen, Department of Physics, Uni- 
versity of Pennsylvania, Philadelphia 4, 
Pa. For further information write the 
Local Conference Committee Chairman: 
C. J. Kriessman, Remington Rand Uni- 
vac, 1900 W. Allegheny Ave., Phila- 


delphia 29, Pa. 


EIA Elects David R. Hull President 


David R. Hull, a retired electronics 
engineering officer and Captain of the 
U. S. Navy and an electronics industry 
executive for the last ten years, has 
been elected president of the Electronic 
Industries Association by its Board of 
Directors. He succeeds Dr. W. R. G. 
Baker, who retired last year as vice 
president of General Electric Co. and 
this year concluded his second term 
as EIA president. 

A vice president of Defense Pro- 
grams of Raytheon Manufacturing Co., 
Waltham, Mass., Mr. Hull has been 
in the electronics industry since his 
retirement from the Navy in 1948. 
Before joining Raytheon in 1950, he 
was with International Telephone and 
Telegraph Corp. as vice president and 
director of Federal Telecommunication 
Laboratories and executive vice presi- 
dent and director of Capehart-Farns- 
worth Corp. He now is also a director 
of Technical Operations, Inc., and of 
Raytheon Canada, Ltd. 

In addition to a Bachelor of Science 
degree from the U. S. Naval Academy, 
he holds a Master of Science degree 
from Harvard University. He has been 
awarded fellowships by the Institute 
of Radio Engineers and the Acoustical 
Society of America. He has been a 
director of EIA since March 1956. 


Society of Women Engineers Names 


‘Mabel Rockwell Woman Engineer 


of the Year 

The Society of Women Engineers has 
named Mabel Rockwell, Westinghouse 
Electric Corp. missile engineer, as 
“woman engineer of the year.” Mrs. 
Rockwell is doing pioneering elec- 
trical design work on the Polaris fleet 
ballistic missile launching and han- 
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Component Specification: ARNOLD 


i’ SILECTRON CORES 
Types C, E and 0 


’ TOROIDAL CORES 


O 


Nylon and Aluminum cased 


“W BOBBIN CORES 


The ARNOLD LINE-UP includes the TAPE CORES you need 


APPLICATIONS 


We'll welcome your inquiries on your 
Tape Wound Core requirements for 
Pulse and Power Transformers, 3-Phase 
Transformers, Magnetic Amplifiers, 
Current Transformers, Wide-Band 
Transformers, Non-Linear Retard Coils, 
Reactors, Coincident Current Matrix 
Systems, Static Magnetic Memory Ele- 
ments, Harmonic Generators, etc. 


ENGINEERING DATA 


For data on the various types of Arnold 
Tape Cores, write for these Bulletins: 


$C-107—Silectron Cores, Types C, E and O 


TC-101A—Toroidal Cores, nylon and aluminum 
cased 


TC-108A—Bobbin Cores 


ADDRESS DEPT. EM-87 


JULY 1958 


SCHSSSSSSHSSSHSSSSSSSSSHSHSSHSESSSSSHSSSSSSSSSHSSSEESESES 


How to be sure of tape core perform- 
ance and uniformity? Just specify 
and use Arnold Cores in your trans- 
former, magnetic amplifier, reactor 
and computer assemblies, etc. 

Here's why! 

To begin with, Arnold is a fully inte- 
grated company, controlling every man- 
ufacturing step from the raw material to 
the finished core. Then, modern testing 
equipment permits 100% inspection of 
cores before shipment. Finally, you're 
matching your requirements against the 
most experienced and complete line of 
tape cores in the industry. Arnold pro- 
duces Types C, E and O Silectron cores, 
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nylon and aluminum cased toroidal cores, 
and bobbin cores to meet whatever your 
designs may require in tape thickness, 
material, core size or weight. Wide selec- 
tions of cores are carried in stock as 
standard items for quick delivery: both 
for engineering prototypes to reduce the 
need for special designs, and for produc- 
tion-quantity shipments to meet your 
immediate requirements. 

Let us help you solve your tape core 
problems. Check Arnold, too, for 
your needs in Mo-Permalloy or iron 
powder cores, and for cast or sin- 
tered permanent magnets made from 
Alnico or other materials. 


wsw6é447 





dling system being developed at the 
Westinghouse Sunnyvale, Calif., div- 
ision under a prime Navy contract. 

Her previous experience includes 
work on underwater missiles at the 
Naval Ordnance Test ‘Station in Pasa- 
dena, Calif., engineering assignments 
at McClellan Air Force Base, Sacra- 
mento, Calif., Beale Air Force Base, 
Marysville, Calif., and, during World 
War II, with Lockheed Aircraft Cor- 
poration in Burbank, Calif. 

Mrs. Rockwell received her BS in 
EE from Massachusetts Institute of 
Technology and her master’s degree 
from Stanford University. 

The Society of Women Engineers has 
about 800 members in the United 
States, Canada, England, France and 
Italy. About 200 women engineers are 
attending the society’s annual conven- 
tion being held this year at Pittsburgh, 
Pa. 





m 
Incorporates the best B 0 0 k Revi ews 


characteristics of the standard Offers an 


telephone type and the 
small lightweight relay. Features UNUSUAL 





Aids To Efficient Machine Design 


include rugged construction, COMBINATION in Welding Steel. The Lincoln 


nigh . Electric Co., Cleveland 17, Ohio. 
rin P , 

pc gna ee OF FEATURES Twelve chapters, price $1.00. 

capacity, c 

adaptability ieaudbremne in a The information in this manual is for 


f ‘ficati Dcastas machine designers who want to improve 
of specifications. Arm their machines through the efficient use 
men m rela eg 

is an improved heavy duty hinge- co P act re y 





of welded steel design. In the area 

type, assuring stable covered by the manual, techniques, 

Se dl lif charts, nomographs and data are given 

adjustment an word ‘ » x for either redesigning from an existing 

Choice of single, either right or left hand, or double. Twin casting or designing from calculated 
contacts operate independently, insuring positive closing of loads. note 

one contact in the event the other should be isolated by The material has been developed 


: 7 ‘ : from and for the needs of designers, 
dirt or other foreign material. Single contacts also available. os: Greek weeis teen bees eubdeneed ws 


a continuing series of Machine Design 


ENGIN EERED TO MEET YOUR RE Q UIREMEN TS Seminars conducted at the Lincoln Elec- 


tric Co. plant in Cleveland. Much of 
OPERATING VOLTAGE: Up to 220 V.D.C. RESIDUAL: Fixed, or lock screw. (Adj.). the material is original. All of the 


OPERATING SPEED: 1 to 2 milliseconds. cou: Single or double wound. in formation is sere and a been 
LAY: l-end slugs f lease tested in use on a wide variety ot types 
CONTACT ASSEMBLY: Form A, B or C. me ea om Sor of machines. Some of the tables and 
CONTACTS: Twin contact points operate time delay; or sleeves for nomographs = available separately In 
of Palladium are standard. Other both operate and release time delay. sets of individual sheets. 
materials available. TERMINALS: Slotted and flared. 7 " ai , 
, Switching Circuits an ogica 
y 
RATING: 4 amperes, 150 watts. WEIGHT: Net, 2% ounces. Design. By Samuel H. Caldwell. 
Send for Bulletin TIC John Wiley & Sons, Inc., 440 Fourth 
Ave., New York 16, N. Y. 686 pages, 
RELAYS price $14.00. 
SOLENOIDS 





The book deals with the methods used 

COILS to handle the problems of circuit syn- 

3349 ADDISON STREET SWITCHES | thesis using various kinds of compon- 

CHICAGO 18, ILLINOIS HERMETIC SEALING ents, and presents the principles of 
switching circuit design. 

The author first establishes mathe- 





Write for New Relay Cata/og 
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How CDF Di-Clad' 
can solve your 
printed-circuit 

problems 


The CDF line of copper-clad laminates in all grades 
is now known by a new name—Di-Clad. Di-Clad 
grades meet the varying needs of design, production, 
and operation of electronic equipment. Grades other 
than those described are also available. 


Di-Clad 28E. For high mechanical strength, low 
moisture-absorption, and good insulation resistance, 
CDF Di-Clad laminates of epoxy resin laminated 
with glass fabric offer the designer a strong, reliable 
combination. 


Di-Clad 112T. A Teflon* glass-fabric laminate offer. 
ing the best dielectric properties over a wide tem- 
perature and frequency range. 


Send us your requirements and let our engineers 
help you select the right grade for your application. 


#Trademark of Continental-Diamond Fibre Corporation 
*Du Pont trademark for its tetrafluoroethylene resin. 


Di-Clad 2350. An economy paper-base phenolic grade having good tensile, CONTINENTAL- D IAM 0 N D FIBRE 


flexural, compressive, and impact strength. Adequate for most non-critical 
printed-circuit applications. Can be cold punched and sheared up to 5/64 
of an inch in thickness. A SUBSIDIARY OF THE Bch COMPANY « NEWARK 13, DEL. 





TYPICAL Di-Clad PROPERTY VALUES 





: Di-Clad 26 Di-Clad 28 Di-Clad 28E Di-Clad 112T 
Di-Clad 2350 (NEMA XXXP) (NEMA XXXP) (NEMA G-10) Teflon* 





BOND STRENGTH—0.0014” foil (Ibs. read. 6 to 10 6 to 10 8 to 12 4108 
to separate 1” width of foil from laminate) 





MAXIMUM CONTINUOUS OPERATING 120, 120 150 
TEMPERATURE (Deg. C.) 


DIELECTRIC STRENGTH (Maximum voltage 800 900 650 700 
per mil for 1/16” thickness) 


200 














INSULATION RESISTANCE (Me ohms) 96 500 150,000 600,000 100,000 75,000 
hrs. at 35°C. & 90% RH (ASTM D257, Fig. 3) } } 
DIELECTRIC CONSTANT 10° Cycles 4.5 4.0 3.6 


DISSIPATION FACTOR 10° Cycles 0.040 0.026 0.027 0.019 0.0015 


ARC-RESISTANCE (Seconds) 5 10 10 130 180 
TENSILE STRENGTH (psi.) 18,000 16,000 12,000 48,000 23,000 


FLEXURAL STRENGTH (psi.) 27,000 21,000 18,000 70,000 13,000 


IZOD IMPACT STRENGTH edgewise 0.80 0.45 0.42 12.0 6.0 
(ft. Ibs. per inch of notch) 

COMPRESSIVE STRENGTH flatwise (psi.) 

BASE MATERIAL OF LAMINATE Paper | Medium-weave, Fine-weave, 


medium-weight medium-weight 
glass cloth glass cloth 





4.9 2.6 









































32,000 | 28,000 | 25,000 62,000 


20,000 














COLOR OF UNCLAD LAMINATE Natural Neannal Natural Natural Natural | 
| greenis | 








All these standard grades are available with 0.0014” and 0.0028” or thicker electrolytic or rolled copper foil on one or both 
surfaces. Other metal foils and other resin-and-base combinations can be supplied on special order. 











*Du Pont Trademark 
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KURMAN 
RELAYS 


Just a few types of the KURMAN line: 


SUB- 
MINIATURE 
SENSITIVE 
RELAY 


Series T 


POWER 
RELAY 


Series 26 


POWERFUL 
SENSITIVE 
RELAY 


Series 300 


MIDGET 
SENSITIVE 
RELAY 


Series 23 


TELEPHONE RELAY 


Series A 


Contact your local distributor or 
SEND FOR COMPLETE CATALOG 


. . hermetically sealed, 
dust covered and open. . . meet military 


Kurman Relays . 


specifications . . . interchangeable with 
other leading makes. 


KURMAN ELECTRIC CO. 


Division of NORBUTE CORPORATION 
Dept.EM191 Newel St., Brooklyn 22, N. Y. 


EVergreen 3-8000 
SE OL EE 
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matical ideas that apply throughout the 
subject, and then brings out the rela- 
tionships between new topics and older 
ones. The material has been selected 
and organized to help the reader 
achieve an understanding that will 
enable him to create his own methods 
for handling new problems. 

The book is not a discussion of com- 
puting machines, nor does it treat com- 
puter components as such. The book 
discusses such things as the properties 
and applications of switching circuits; 
switching components and their char- 
acteristics, including relays and high- 
speed components; contact networks: 
gate circuits; and switching aspects of 
codes. 


An Introduction to the Theory of 
Random Signals and Noise. By 
Wilbur B. Davenport, Jr., and William 
L. Root. McGraw-Hill Book Co., Inc.. 
330 W. 42nd St., New York 36, N. Y. 
393 pages, price $10.00. 


This is an introduction to the statistical 
theory underlying a study of signals 
and noises in communications systems. 
It contains an introduction to probability 
theory and statistics, a discussion of 
the statistical properties of the Gaussian 
random process, a study of the results 
of passing random signals and noise 
through linear and non-linear systems, 
and finally, an introduction to the statis- 
tical theory of the detection of signals 
in the presence of noise. 

Recent advances covered include: 
theory of filters for minimizing the 
mean-square error or maximizing the 
signal-to-noise ratio; transfer-transform 
methods of analyzing signals and noise 
in non-linear devices; application of 
statistical methods to the design of a 
radio or radar receiver. 

A detailed analysis is given of signals 
and noise in limiters and detectors. 
Consistent use is made of the Karhunen- 
Loeve expansion of random functions 
over a finite interval. 


Effects of Radiation on Materials. 
Edited by J. J. Harwood, H. H. 
Hausner, J. G. Morse, and W. G. 
Rauch. Reinhold Publishing Corp., 
430 Park Ave., New York 22, N. Y. 
355 pages, price $10.50. 


The changes that radiation produces 
in metals, ceramics, plastics and a 
wide variety of other materials are 
thoroughly covered in this book. It 
contains the papers delivered at the 
radiation effects colloquium jointly 
sponsored by the Office of Naval Re- 
search and The Martin Co. at Johns 
Hopkins Univ. 

Twelve leading authorities analyze 
the results of their own actual experi- 
ments with various materials. Solid 


state physicists classify fundamental 
and qualitative effects according to 
type. Metallurgists and chemical en- 
gineers make a quantitative evaluation 
of radiation effects on physical prop- 
erties. The book also includes current 
concepts of radiation effects and dis- 
cusses experimental approaches to radi- 
ation studies. 

These papers deal with metals, alloys, 
inorganic dielectrics, semiconductors, 
organic and polymeric materials and 
materials for nuclear reactor compon- 
ents including fuel elements mod- 
erators, coolants and shielding ma- 
terials. 





Engineering 
Standards 


NEMA Standards 


The following NEMA Standards are 
available: 

AEIC-EEI-NEMA Standards for Watt- 
hour Meters, NEMA Pub. No. El 20- 
1958. (50 cents). 

American Standard for Outlet Recep- 
tacles, Attachment Plug Caps and Appli- 
ance Plugs, NEMA Pub. No. WD 1-1956. 
($1.50). 

NEMA Standards Publication for Auto- 
matic Circuit Reclosers and Automatic 
Line Sectionalizers, SG 13-1958. 
($2.25). 

NEMA Standards Publication for Sig- 
nailing Apparatus, SB 1-1957. (40 
cents). 





ASA Standards 


The following ASA Standards are 
available: 

ASA Specification C82.3 for Fluores- 
cent Lamp Reference Ballasts. (35 
cents). 

American Standard Method for the 
Designation of Miniature Lamps 
C78.390-1958. (35 cents). 

American Standard C78.380-1957 for 
the Designation of Mercury Lamps. 
(50 cents). 





Postage return cards are provided 
on pages 17 and 19 as a conveni- 
ence to the reader in obtaining 
further information on— 


New Components and Materials 
Literature for the Design Engineer 
Feature Article Reprints 
Advertised Products 











ELECTRICAL MANUFACTURING 





Get Lower Costs —Better Performance with 





GENERAL PLATE 


STRIPED CONTACT SWITCHING 
COMPONENTS 


General Plate’s exclusive PT* solid phase bonding 
process is now being used to continuously clad one or 
more stripes of contact metal to any desired base 
metal — above the surface or flush without con- 
taminants introduced by bonding agents. 

The result? A new STRIPE CONTACT STOCK 
which ean be fed through automatic high speed presses 
for L-O-W cost production of electrical switching 
components. 

Here are extra benefits — (1) contacts made of 
General Plate STRIPE CONTACT STOCK have the 
best possible electrical and thermal conductivity, be- 
cause the metals in them are directly and permanently 
joined, eliminating sources of localized resistance — 
(2) STRIPE CONTACT STOCK goes through 
forming tools like a single metal, eliminating dimen- 
sional tolerances involved in assembling small separate 
pieces (3) parts are ready for production as you 
receive them — save you time and the handling of 
blanking scrap, freeing extra dollars to work for you 
elsewhere. 

With 41 years of metal bonding experience 
behind the emphasis now being put on improved 
electrical contacts and contact materials at 
M&C, it will pay you to investigate the 
General Plate line. We offer complete 
technical information — engineering design 
assistance — samples on-time deliveries. 

Our competent Field Engineers will gladly 
call at your request and review your contact 
questions without obligation. Write today. 


*U.S. Patents 2,691,815 — 2,753,623 





What metals can be bonded to produce 
STRIPE CONTACT STOCK by Gen- 
eral Plate’s PT bonding process? 


Any combination of malleable metals 
can be permanently joined to produce 
STRIPED CONTACT STOCK in long 
length coils. 

















You Can Profit By Using METALS & CONTROLS 7 | CORPORATION 


General Plate Clad Metals. eee 
General Plate Division 1907 Forest Street, Attleboro, Mass. 





FIELD OFFICES: NEW YORK * CHICAGO * DETROIT * INDIANAPOLIS * MILWAUKEE * PASADENA 
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NM, E Wy / TYPE AX! Men in Industry 


EAGLE D.C. time delay relay 





Kenneth M. Lord has been appointed 
director of engineering in the Elec- 
tronics Div. of Stromberg-Carlson, 
Rochester, N. Y. Mr. Lord will have 
charge of all engineering activities in 
the company’s Electronics Div., which 
manufactures a variety of equipment 
for civilian and military use. 


Joseph Harinek has been appointed 
chief engineer of Associated Spring 
Corp.’s Gibson Div., Chicago, Ill. In 
his position as chief engineer, he will 
be in charge of planning and estimat- 
ing as well as product engineering. 


Thomas J. Menzel has been named 

chief electrochemist of Electro Tec 

Corp., So. Hackensack, N. J. Mr. 

Menzel will have responsibility for the 

Uses new type sV0NS et 2 metallurgy and electroplating opera- 

escapement princi- s grit tions at the company s three manufac- 
ple. Utmost reliabil- tugs divisions. 


ity under severe annie ; . 306 James F. Young has been appointed 
ronmental conditions ‘ é general manager of the General Elec- 
is insured by its rugged 2 sght 9 | tric Co.’s General Engineering Labora- 
design and self-starting : tory. Mr. Young will manage a central 

“2 engineering facility serving the entire 
characteristics. GE company. The General Engineering 
Laboratory maintains highly-specialized 
facilities in the many technical fields 
underlying the wide variety of com- 
pany products. 


Stuart J. Northrop has been appointed 

mane MAIL COUPON TODAY«e=== chief industrial engineer, Industrial 

EAGLE SIGNAL CORPORATION | Engineering Dept., of SKF Industries, 

Industrial Timers Division, Dept. EM-758 Inc. Mr. Northrop will be responsible 

os me MOLINE, ILLINOIS for the establishment and administra- 
, Ties Doley eS a AX! | tion of industrial engineering policies 
a / lf ef | and procedures. Prior to joining SKF, 


| he was with Westinghouse Electric 
Jich Pl mmete) ite) F bsle) | NAME ANDO TITLE Corp., Pittsburgh, Pa. 


COMPANY 








Jay R. Borden has been appointed 
senior instrumentation engineer of 
Waste King Corp.’s Technical Products 
city Div., Los Angeles, Calif. Mr. Borden 





ADDRESS 
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TRIPLETT & BARTON TRI-IND-X PORTABLE X-RAY UNIT 
OLD MODEL NEW MODEL 


ONE 10” BEVELED RING REPLACES 12 BOLTS— 
Machining and assembly time formerly required 78 
hours ... mow reduced to 114 hours! Service opera- 
tions for dismantling or tube change formerly re- 
quired 41% hours... now reduced to 5 minutes! In 
addition to savings on materials, costs have been 
reduced approximately $500 per unit. 








OLD NEW 
SPECIFICATIONS SPECIFICATIONS 
Weight 107 Ibs. 65 Ibs. 
Diameter 15 inches 11 inches 
Machining and 
Assembly Time 78 hours 14% hours 


Service Time 4% hours 5 minutes 
Parts 27 bolts 2 Truarc Rings 

















Prior to adoption in their new bantam-weight TRI-IND-X, Triplett & 
Barton, Inc., Burbank, Calif., subjected Waldes Truarc Retaining Rings 
to severe tests and rigid inspections. Although the TRI-IND-X operates 
at a normal pressure of 50 psi, Truarc Rings were subjected to pressure 
tests in excess of 500 psi, proving their high performance. 


ONE 9” BEVELED RING REPLACES 15 BOLTS—in addi- 
tion to functioning as mechanical fasteners, the Truarc 
Beveled rings serve as pressure vessel closures, provid- 
ing leak-proof seals. The wedge action of the ring com- 
pensates for wear, provides a constant tight seal. 





Whatever you make, there's a Waldes Truarc Ring designed quickly from leading OEM distributors in 90 stocking points 
to save you material, machining and labor costs, and to throughout the U. S. and Canada. 

i f ioni f duct. 

Ee eee ee eee Field Engineering Service: More than 30 engineering- 
minded factory representatives and 700 field men are at 
Statistically Controlled Quality from engineering and raw your call. 

materials to the finished product. Every step in manu- Design and Engineering Service not only helps you select 
facture watched and checked in Waldes’ own modern pliant. the proper type of ring for your purpose, but also helps you 
Complete Selection: 36 functionally different types. As use it most efficiently. Send us your blueprints today... 
many as 97 standard sizes within a ring type. 5 metal let our Truarc engineers help you solve design, assembly 
specifications and 14 different finishes. All types available and production problems. . . without obligation. 


WALDES f—--—-—----------------; 


Waildes Kohinoor, Inc., 47-16 Austel Place, L.1.C.1, N.Y. 


® | Please send new, descriptive catalog showing all 
| types of Truarc rings and representative case history 
applications. 

{ (Please print) 
| Name 

( | Title. 

ban 4 

=i | 

| 


In Truarc, you get 











Business Address. 





Company 
“~~ RETAINING RINGS 


City. 
WALDES KOHINOOR, INC., LONG ISLAND CITY 1, N. Y. 





Consult the Yellow Pages of Your Telephone Directory for Name of Local Truarc Factory Representative and Authorized 
Distributor. Look under “Retaining Rings” or “Rings, Retaining.” 
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One Device 
Detects & Controls 


MULTIPLE 
SPEEDS 


e@ ACCURATELY 
@ POSITIVELY 
@ RELIABLY 


SYNCROSNAP 
MULTI-TECTOR 


Syncro-Snap MULTI-TECTOR detects and 
controls as many as eight separate cir- 
cuits, and actuation can be accomplished 
on a high and low speed limit on each 
circuit. 

For instance, inter-related speeds on auto- 
matéd systems can be synchronized. Ma- 
chine tool speeds can be controlled as 
accurately as 4 of 1%. Speeds of various 
components in aircraft and missiles can 
be sequenced or synchronized. Separate 
drives on equipment, such as large print- 
ing presses, can be actuated at pre- 
determined speeds. A typical use is a four- 
stage MULTI-TECTOR on diesel engines 
which (1) cuts out cranking motor, (2) ac- 
tuates cooling circuit, (3) controls fuel 
requirements, and (4) signals full speed 
and “‘too-low” speed. 

MULTI-TECTOR measures only 5” in diam- 
eter x 4” deep. Housing is standard to 
provide maximum economy. Individual 
Syncro-Snap switches used in the MULTI- 
TECTOR operate on speed alone, regard- 
less of voltage or load. They possess a 
life expectancy of 1.5 to 3 million cycles, 
with no signs of frictional wear and no 
variance in operating characteristics. 
Send requirements today for quotations. 


TORQ 


ENGINEERED PRODUCTS, INC. 


34 W. Monroe St. * Bedford, Ohio 
Phone: BEdford 2-4100 
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was formerly chief engineer of Clary 
Dynamics Corp., San Gabriel, Calif. 
Prior to his six years with Clary, he was 
a senior development engineer for 
California Institute of Technology’s Jet 
Propulsion Laboratory, Pasadena. 


Two associate directorships of re- 
search have been made by Sylvania 
Research Laboratories, a division of 
Sylvania Electric Products Inc., Bay- 
side, N. Y. Irwin Goldman was ap- 
pointed associate director of research— 
Chemistry and Metallurgy, and Dr. 
Rudolf G. Hutter was appointed asso- 
ciate director of research—Physics. 

Mr. Goldman will be responsible for 
direction of the division’s Chemistry 
Laboratory and Metallurgy Laboratory, 
while Dr. Hutter will continue his di- 
rection of the Physical Electronics Lab- 
oratory, the Solid State Laboratory, and 
the Systems & Circuits Laboratory. 


Ms 


Dr. Nicholas A. Begovich, a specialist 
in electronic scanning radar and land- 
ing and approach systems, has been 
appointed director of engineering of 
Hughes Aircraft Co.’s Ground Systems 
Group, Fullerton, Calif. Dr. Begovich, 
who holds several patents in the field 
of radar, joined Hughes in 1948. His 
most recent position was director of the 
radar laboratories of the ground 
systems. 


Louis Frisco has been appointed di- 
rector of the Dielectrics Laboratory of 
The Johns Hopkins Univ., succeeding 
the late Dr. John Chapman. 


Dr. Sidney J. Stein has been appointed 
director of engineering and research of 
International Resistance Corp., Phila- 
delphia, Pa. Dr. Stein, who joined IRC 
in 1949, has held the positions of senior 
research chemist, assistant director and 
director of research. 


George C. Williams has been ap- 
pointed Chief Engineer of IRC. Mr. 
Williams has been associated with IRC 
since June 1952 in the capacity of 
electronic development engineer, prod- 
uct engineer and manager,-product en- 
gineering—Philadelphia plant. 


Company Briefs 





International Business Machines Corp. 
recently approved final plans for con- 
struction of the company’s Research 
Center at Yorktown, N. Y. Construction 
will begin in the Spring of 1959. The 
center, comprising a 450,000 sq ft, two- 
story building, will be erected on a 224 
acre site purchased by IBM last year. 


A fully-equipped test laboratory has 
been placed in service by Hamilton Div. 
of Baldwin-Lima-Hamilton Corp. at its 
Hamilton, O., plant for research and 
development work in the field of parts 
compacting. Tests will encompass the 
compacting of such materials as metal 
powders, abrasives, carbides, cermets, 
ferrites, plastics, nuclear fuels and solid 
fuels for rockets and missiles. 


Gulton Industries, Inc., Metuchen, 
N. J., has entered the computer field 
with the establishment of a new Digital 
Devices Dept. that will apply semicon- 
ductor techniques to data acquisition 
and reduction in analog and digital 
systems. The department has _ been 
assigned to the CG Electronics Corp., 
Albuquerque, N.M., a wholly-owned 
subsidiary of Gulton Industries, Inc. 


A new experimental plastics machin- 
ing group has been established by 
Tri-Point Plastics, Inc., Albertson, L.1., 
N. Y. The group is cooperating with 
electronics and missiles research groups 
in providing prototypes of precision- 
machined plastics parts to tolerances of 
0.001 in. and less. 


Acoustica Associates, Inc., 26 Windsor 
Ave., Mineola, N. Y., has formed an 
Electronics Manufacturing Div. for en- 
gineering, design and manufacture of 
electronic assemblies and components 
for missiles, aircraft and nuclear sub- 
marines. 


In a move to further strengthen the 
company’s position in the microwave 
tube and devices field, the Westinghouse 
Electric Corp. has established a new 
microwave center in Ithaca, N. Y. 
Located adjacent to Cornell University, 
the facility is a branch of the electronic 
tube division in Elmira, N. Y. 


Narda Ultrasonics Corp., Mineola, L. I., 
has acquired Alcar Instruments Inc., 
Little Ferry, N. J. Alcar specializes in 
ultrasonics research and development. 
The company will be operated as an 
independent subsidiary of Narda Ultra- 
sonics, with production and research 
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Remarkable 
high-temperature insulation 








N. & mil siticone varnished giass fabric 








VOLTS PER MIL 

















50 100 150 


Days Exposed 
Comparison of dielectric strength vs. time aged at 
250°C. (482°F.) for ““Armalon” and the best commer- 
cially available high-temperature Class H insulation. 
After exposure to extreme temperatures, ““Armalon” 
can be creased without damage, while Class H ma- 
terials become very brittle. 


Pesan 


Bendix high-temperature AC aircraft generator, slot- 
lined with Du Pont “‘Armalon.”’ Driven directly by 
plane engine, this 20 KVA, 400-cycle unit operates at 
4,800-7,200 rpm. 


Les 





PHOTOS COURTESY REO BANK DIVISION, BENDIX AVIATION CORP... EATONTOWN, &. J. 


Armalon’ proves dielectric superiority 


as slot liner for 


DU PONT INDUSTRIAL 
COATED FABRICS 


COATING MEDIUMS 


Neoprene «+ Buna-N e¢ Silicone ¢ Polyacrylate 
Chlorosulfonated Polyethylene « Tetrafluoroethylene 
Buty! «+ Acrylic * Polyamide 
Polyethylene «¢ Polysulfide 


SUBSTRATES 


Fabrics Felts or 

Cotton . Nylon . “Dacron”* Non-Woven 
Asbestos . Glass “Teflon” Felts 
Rayon . “Teflon”’** Wool Felts 


Also elastomer sheet stocks without 
fabric inserts and cements 


** Dacron” is Du Pont’s registered trademark for its polyester fiber 
**<Teflon” is Du Pont’s trademark for its tetrafluoroethylene fiber 


REG. U. 5. PaT. OFF 


BETTER THINGS FOR BETTER LIVING . . . THROUGH CHEMISTRY 


aircraft generators 


Bendix Aviation Corp. uses a Du PontArmalonftetrafluoroethy lene 
resin-coated glass fabric to slot-line the high-temperature AC 
generators it builds for the Air Force’s F-104 Starfighter. Superior 
dielectric and mechanical properties of ‘“‘Armalon’’ give windings 
maximum protection against vibration and the extreme heat 
generated at full load and high altitude. 

This example of performance superiority characterizes the entire 
family of Du Pont industrial coated fabrics. Do you need a material 
resistant to gas, oils or corrosives?—to abrasion and flex cracking? 
—to temperature extremes? Or one with superior insulating or 
anti-stick properties? If so, get all the facts on Du Pont industrial 
coated fabrics. Simply mail the coupon. 


t‘*Armalon” is Du Pont’s trademark for its tetrafluoroethylene resin- 
coated glass fabric. 


E. I. du Pont de Nemours & Co. (Inc.), Dept. EM-87 
Fabrics Division, Wilmington 98, Delaware 
Please send me further information about coated fabrics. 


I am interested in using a coated fabric for 














State 


——— 
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activities being continued at Alcar’s 
plant in Little Ferry. 


Dependability 
Four new product divisions have been 
and long life « : 44 | established by Hewlett-Packard Co., 


Palo Alto, Calif. in a reorganization 


previously available — Pam | ae 
a | and expansion of the company’s Re- 
only in 4 4 | search and Development Dept. The 


_ divisions include electronic counter, 
high-cost relays aon ; 1 | oscilloscope, microwave and signal gen- 
< : erator, and audio and video equipment. 

: Each will be headed by an engineering 


° e manager. 
- Pe Grinnell-Harris Electronics, Inc., has 


bad : | opened a plant at 4130 Temple City 

RED E hs foe : —_ | Blvd., Rosemead, Calif. Vice president 
: \ gg in charge of engineering and produc- 

: i = tion is Arthur L. Grinnell. The com- 

pany will design and manufacture 


low-= cost therm ' Was - ] | custom electronic networks. 
& . Circle Wire & Cable Corp., whiolly- 
timing relays 4 ; owned subsidiary of Cerro de Pasco 
| yy | Corp., N. Y., producer and fabricator 
of nonferrous metals, recently placed 
in operation a new electrical metallic 
The sound design, sturdy construction and reliable operation long tubing plant at Hicksville, N.Y. 


associated with G-V Hermetically Sealed Thermal Relays is available Featuring advanced — manufacturing 
techniques and highly-automated equip- 


in a low-cost form, fully qualified for industrial control . . . light | ment, the plant has a capacity of 80 
and inexpensive enough for electronic and communications circuits. million ft of tubing per year. 


Delays of 2 seconds to 3 minutes e Energizing voltages - 6.3 to 230 | Servomechanisms, Inc., has consol- 
AC or DC. | idated its two West Coast components 
| divisions into a single unit to be known 


e RUGGED STAINLESS STEEL MECHANISM | as the Special Products Div. Constituting 


Relay mechanism is of stainless steel, differential eypansion type, the new unit are the facilities of the 


used in all G-V Thermal Relays. All parts are welded into a single former Magnetics Div. at Hawthorne 
and the former Vacuum Film Products 


integral structure. | Div. at El Segundo, Calif. 
SHATTERPROOF—NO GLASS Ay 
No glass is used in mechanism, encasing shell, or base. This iMineis Teel Werks, 2501 N. Keeler 
. . ; i Ave., Chicago, Tll., recently established 
avoids the danger of cracking or breakage in handling and use. a Gear Services Dept. This department 
STEEL ENCASED HEATERS will function in cooperation with the 
Heating element tively designed 4 with Mi Machine and Instrument Div., which 
e $ = oe ee apd — 4 — wit r manufactures and distributes precision 
chrome wire on mica and encased in stainless steel, insuring long gear checking and measuring instru- 
heater life even when energized continuously. ments. 
DUST TIGHT ENCLOSURE Amphenol Electronics Corp. has begun 
A dust tight metal shell completely enclosing the relay mechanism construction of a new manufacturing 
an n ri j : | and office building in Broadview, III. 
d col tacts, crimped tightly to the base, provides complete a ten: Rails at Gaeta Weed ond Sieh 
protection for the structure. Ave., the plant will have 110,000 sq ft 
TAMPER PROOF of production facilities. Expected to be 


: : | completed within a year, the plant will 
Time delay intervals are preset at the factory. Thus changes of honen nndidaian athalesing eparidions 


delay interval in the field which might damage associated equip- | as well as the main office. 


ment are avoided. 

- A | Allied Control Co., Inc., N. Y.. has 
peESTLY SITERCHANGEABLE , opened a 30,000 sq ft plant in Plants- 
Directly interchangeable with all other octal-size relays. ville, Conn. The company also operates 

a second plant at Plantsville and one 


at Glendale, Calif. 





Collins Radio Co.’s Texas Division has 
consolidated research, development. 
sales and manufacturing activities to 
concentrate on microwave communica- 
tion systems. 


G-V CONTROLS INC. 


“. 
Sat 8 Hollywood Plaza, East Orange, New Jersey “Circle 252 on page 17 
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Write for Publication 131. U. S. PAT. 2,700,084 OTHER U.S. & FOREIGN PATENTS PENDING 











Application-tested E-I hermetic 
terminals feature ruggedized 
compression construction for 
complete reliability in severe 
environments in military and 
commercial service. The econom- 
ical E-I standard line offers de- 
signers every type terminal 
from single leads to sub-minia- 
ture closures. If your problem 
involves the use of special seals, 
E-I will produce custom designs 
to specifications ; or seal compo- 
nents of your own manufacture. 
Ask E-I engineers for a recom- 
mendation on your specific 

seal application, today! 


® 


Soe ELECTRICAL 
Hei helpful installation : j N D a = S 


data—just call or write E-1. ae 4 Division of Philips Electronics, Inc. 
: a MURRAY HILL © NEW JERSEY 


} says 
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YOU'RE 
PROTECTED...FROM UGLY 
CORROSION STAINS WITH 
ALCOA ALUMINUM 
FASTENERS 








Don’t let ugly corrosion stains spoil 
the appearance of your products. Make 
them of aluminum, fasten them with 
Alcoa® Aluminum Fasteners for lasting 
sales appeal. Low-cost, carefree alu- 
minum fasteners protect your aluminum 
products against both galvanic and 
atmospheric corrosion. And they are 
readily available in complete stocks. . . 
all standard sizes and types at your 
local Alcoa distributor; or call your 
nearest Alcoa sales office. Look in the 
Yellow Pages of your telephone direc- 
tory. ALCOA IS A “NATURAL” 
FOR SPECIALS, TOO! 


4 nn a 2 RI, 
ALCOA i _! gicoa THEATRE 


ALUMINUM | | Exciting Adventure 


© Alternate 


: ceed eres » Monday Evenings 





Aluminum Company of America 

2241-G Alcoa Bidg., Pittsburgh 19, Pa. 
Gentlemen: Please send complete specification data 
and samples of Alcoa Aluminum Fasteners. 


Name. 





Title 





Company 
Address. 
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Editorial Reprints 





As manuscripts are projected for pub- 
lication in each issue of ELECTRICAL 
MANUFACTURING, the board of editors 
determines which editorial articles are 
to be made available to readers in re- 
print form. 

Available reprints of articles in this 
and previous issues are briefed here. 
Any regular ELectricaL MANUFACTUR- 
ING reader qualifies for one copy of all 
single-article reprints, without charge. 

The numerals shown in reprint list- 
ing correspond to the number shown on 
postcards incorporated in the Reader 
Inquiry Service Cards beginning on 


page 17. Readers should circle those 

numbers indicating the reprints desired. 

If multiple quantities of these re- 

prints are desired, the rates to govern 

are indicated below. Remittances must 

accompany all orders. Larger quanti- 
ties, special quotation. 
Cost of 

Single Subject Reprints 

No. of Number of pages 

Reprints 4-12 16-32 

1 Gratis Gratis 

5 $2.00 $3.75 

10 3.50 6.00 

25 7.50 12.50 





REPRINTS NOW AVAILABLE 


British Magnetic Amplifier Develop- 
ments, July 1958, 7 pages. An anal- 
ysis of basic magnetic-amplifier cir- 
cuits and their practical applications. 
Includes performance data as well 
as physical characteristics on such 
circuits as the Ramey half-wave 
amplifier, a full-wave d-c power 
supply, and a bridge full-wave auto- 
self-excited amplifier. (732) 


The Molecular Key to Dielectric Prop- 
erties—a Capsule Physical Chem- 
istry for the Design Engineer, July 
1958, 20 pages. The basic physico- 
chemical principles of gaseous, liq- 
uid, and solid dielectrics explained 
and interpreted in terms of (1) 
their effect on properties of mate- 
rials, and (2) ultimate performance 
in operating equipment. (734) 


Mechanical Fasteners for Military 
Electronic Equipment, June 1958, 
16 pages. A comprehensive, fully- 
illustrated guide to the various 
mechanical fasteners that are ap- 
proved for use on military electronic 
equipment. Sources of supply, mili- 
tary references, application remarks 
and comparative assembly costs are 
included. (713) 


* 


Combined Analog-Digital Control Sys- 
tems, June 1958, 9 pages. Practical 
sub-circuits for systems requiring 
both the “real-time” characteristics 
of analog computers and_ the 
computational ability of digital 
computers: analog-to-digital and 
digital-to-analog converters; hybrid 
multiplication circuits; sine-function 
generators; the “squaring bridge” 
and the servo divider. (716) 


Design by Test and Analysis Spurs 
Relay Progress, June 1958, 10 
pages. Summary and report on the 
Sixth Annual National Conference 
on Electromagnetic Relays, Okla- 
homa State University. Important 
papers presented relate the develop- 
ment of new relays, test methods 
and equipment. Further efforts by 
the NARM toward standardization 
are described. (718) 


Effects of Radiation Environment on 
Structural Metals, June 1958, 9 
pages. The mechanism and types of 
radiation damage are presented, to- 
gether with definitive charts, graphs 
and a glossary. Discussion includes 
metals able to withstand harmful 
effects of radiation without com- 
promising their original properties 
and characteristics as specified in 
equipment design. Radiation effects 
studied include changes in electrical 
resistivity, flux, mechanical and 
general physical properties. (720) 


Designing Minimum Weight Mag- 
netic Cores, February 1958, 8 
pages. A_ straightforward proce- 
dure for minimizing the combined 
weight of core, case and coil for a 
given volt-second capacity—can be 
extended to include weight minim- 
ization of power supply and other 
related components. Three exam- 
ples given. (706) 


Evaluation and Applications for Fiber- 
Insulated Magnet Wire, February 
1958, 12 pages. Characteristics and 
application areas of various types of 
fiber-insulated, film-insulated and 
composite-type magnet wire. Com- 
mercial identifications given. Stand- 
ards are listed. Comparative ad- 
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MAGNETIC BONE xt 
COMPONENTS — 


or ANY MAGNETIC MATERIALS JOB... 








“MAGNETIC, 
MATERIALS” 


This 32-page book contains valuable 
data on all Allegheny Ludlum mag- 
netic materials, silicon steels and spe- 
cial electrical alloys. Illustrated in full 
color, includes essential information 
on properties, characteristics, applica- 
tions, etc. Your copy gladly sent free. 


ADDRESS DEPT. EM-7 








You can re/y on core materials like 
the Allegheny 4750 components illus- 
trated above, in your receivers, record- 
ing heads or microphone assemblies. 

In fact, whether your equipment is 
small or large, the extra-broad line 
of A-L magnetic materials will solve 
your magnetic core problems. It in- 
cludes all grades of silicon steel sheets 
or coil strip, as well as Allegheny 
Silectron (grain-oriented silicon steel), 
and a wide selection of high-permea- 


bility alloys such as 4750, Mumetal, 
Permendur, etc. 

Our service on these materials also 
includes complete facilities for the 
fabrication and heat treatment of 
laminations. (For users of electrical 
sheets and strip, our lamination 
know-how is a real bonus value!) 
Either way, we'll welcome the 
chance to serve you. Allegheny Ludlum 
Steel Corporation, Oliver Building, 
Pittsburgh 22, Pa. 


STEELMAKERS to the Electrical Industry 





Allegheny Ludlv 
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ACME 
ISONEL 
WIRE 


Plus Acme +150 VARNISH 
Equals Class B 
Equals MIL-T-27A Class S$ 


Freed Transformer Co., Inc., Brook- 
lyn, N.Y., a leader in engineering 
and manufacturing of transformers 
and reactors for the electronics in- 
dustry, has found in the above 
equation the solution to the manu- 
facturing and performance prob- 
lems of Class B (MIL-T-27A, Class 
S) Commercial and Military units. 


Acme Isonel Wire is a Class B 
(MIL-T-27A, Class S) wire. How- 
ever, optimum insulation system 
performance can be achieved only 
when this wire is impregnated with 
a compatible varnish. Acme #150 
is that varnish. 


Acme #150 Varnish does not re- 
quire a high temperature cure. It 
has excellent resistance to oils. 


Acme #150 Varnish meets all the 
requirements of specifications MIL- 
V-1137A, Class CB, Type M, for 
government equipment. In fact, it 
exceeds the heat resistance require- 
ments of this Specification by 50%. 


Acme #150 Varnish improves ther- 
mal stability, while maintaining di- 
electric strength, when used in Class 
B (MIL-T-27A, Class S) windings. 


ACME WIRE CO. 


NEW HAVEN, CONN. 


MAGNET WIRE « COILS 
VARNISHED INSULATIONS 
INSULATING VARNISHES 
AND COMPOUNDS 
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vantages and disadvantages of 
various types are discussed. Among 
insulating materials analyzed are 
newer materials such as glass fiber, 
Dacron polyester yarn, Nylon yarn, 
Mylar polyester film and Quinterra 
asbestos paper. (707) 


Cryogenic Devices in Logical Cir- 
cuitry and Storage, February 1958, 
8 pages. This article presents a 
review of superconductor funda- 
mentals and current application 
and development trends for cryo- 
genic components in computer logic 
and storage circuits. (711) 


Structural and Electrical Applications 
of Aluminum in Europe, May 1958, 
12 pages. A survey evaluating and 
illustrating European engineering 
experience with aluminum in re- 
search, development and manufac- 
turing of electrically energized 
equipment. The article includes 
specific case histories, advantages 
and disadvantages of British, 
French and German experiences 
with aluminum and its alloys. Ma- 
terial is based on papers presented 
at a symposium sponsored by the 
British Aluminium Development As- 
sociation in London during May, 
1957. (726) 


Basic Statistics for the Design En- 
gineer, May 1958, 20 pages. An in- 
troduction to the basic mathematics 
required for logical design of ex- 
periments and analysis of data, 
quality control, operations research, 
and life testing programs. Examples 
are discussed illustrating practical 
applications in equipment design. 


(736) 


Crossbar Switch Applications, April 
1958, 12 pages. Circuit details of 
the application of these compact 
three-dimensional contact arrays 
for: 3-coordinate single-point selec- 
tion; stepping-switch scanner con- 
trol; digital-to-analog conversion; 
analog-to-digital conversion; mul- 
tiple indexing and switching func- 
tions. (730) 


Selenium Rectifier Selection and Cir- 
cuit Design, April 1958, 12 pages. A 
guide to selection and circuit ap- 
plication factors for selenium recti- 
fiers, derived from basic circuit 
analysis, for single-phase halfwave 
and bridge arrangements. (731) 


International Standards for Motor 
Dimensions Set for Final Approval, 
March 1958, 8 pages. Final pro- 
posed I.E.C. motor dimensional 
standards for interchangeability be- 
tween metric and inch systems are 
presented. Problems and compro- 


mises necessary in achieving this 
are described. (708) 


Ferroelectrics as Solid-State Devices, 


March 1958, 12 pages. Summary of 
types, properties, mechanisms and 
applications of nonlinear dielectrics 
as: capacitors, transducers, resonant 
and nonresonant amplifiers, ferro- 
electroresonant switches, memory 


devices. (714) 


The Anatomy of Automation, January 


and February 1958, 20 pages. The 
broad general area of “automation” 
is classified into four major sections: 
basic elements; manufacturing (ap- 
plied energy); control (applied in- 
formation); mechanized mental 
operations (applied intelligence). 
Definitions, examples and discus- 
sions of 117 key automation terms 
are organized into 18 sub-classifica- 


tions. (727) 


Foamed Plastics for Structural Func- 


tions in Electronic Equipment, Jan- 
uary 1958, 8 pages. This article 
describes use of sandwich-type ele- 
ments made from foamed plastics 
in mechanical parts such as mount- 
ing plates (in equipment such as 
airborne electronic systems) where 
severe vibration and other severe 
environmental conditions apply. Use 
of foam embedments as an as- 
sociated technique is also described. 


(709) 


Design Advances from Magnetism Re- 


search, January 1958, 16 pages. 
Commercial significance and design 
promise of new developments in: 
soft magnetic alloys, particularly 
cube-oriented silicon-iron for power 
equipment; permanent magnets, in- 
cluding design techniques for cur- 
rent and soon-coming new materi- 
als; thin magnetic films and other 
promising candidates for computer 
memory devices; ferrites, garnets 
and the revolution in microwave 
techniques and magneto-optics—as 
disclosed at the 1957 AIEE Con- 
ference on Magnetism. (704) 


Design and Application of Hysteresis 


Clutches, December 1957, 16 pages. 
Advantages of hysteresis clutches 
for control and instrument purposes 
are evaluated, and important cir- 
cuits analyzed. Complete details of 
electrical and magnet design of 
these clutches are presented, includ- 
ing altitude operation considera- 
tions. (733) 


New Procedures for Designing Linear 


and Swinging Chokes, December 
1957, 8 pages. A simple, widely 
usable procedure to save time in 
the design of linear and swinging 
chokes is described and illustrated 
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ready-made answers .. . 


HEINEMANN CIRCUIT BREAKERS 
CAN SOLVE MANY CONTROL 
AND PROTECTION PROBLEMS 


It may well be that one of the special 
Heinemann circuit breakers shown at 
right can do double service for you. By 
combining control and protective func- 
tions in a single component, you may be 
able to reduce substantially equipment 
wiring complexity and overall produc- 
tion costs. 

In addition, you can specify Heine- 
mann circuit breakers in any standard, 
odd or fractional rating you require from 
0.010 to 100 amperes. And there’s a 
choice of time-delay responses, too. 

For custom service in equipment- 
matched protection and control, look to 
Heinemann. Many of industry’s leaders 
have done so .. . profitably. 


Complete information is avail- 
able in the handy “Circuit 
Breaker Engineering Guide," 
Bulletin 201. Send for a copy. 


SERIES-TRIP 
CONSTRUCTION 
Over-current sensing and cir- 
cuit interruption are in series 
with the protected circuit. 
Breaker may also serve as 
the equipment power switch. 


RELAY-TRIP 
CONSTRUCTION 
Provides a separate control 
circuit through the coil ter- 
minals; this circuit may be 
at a higher or lower volt- 
age. Can be supplied with 
either voltage-sensing or 

current-sensing coils. 


DUAL-RATING 
CONSTRUCTION 
Protects equipment designed 
to operate on either of two 
input voltages. Breaker has 
two current ratings, one 

overload coil. 


SHUNT-TRIP 
CONSTRUCTION 
Permits remote tripping 
through appropriate circuit- 
closing contacts in remote 
control or safety devices. 


CALIBRATING-TAP 
CONSTRUCTION 
Permits control of two cir- 
cuits, with tripping in re- 
sponse to overloads in the 
main circuit only. Coil may 
be shunted with a fixed or 
variable resistor to raise 

trip current rating. 


AUXILIARY 

CONTACTS 
Permits control of remote in- 
dicators, alarms, etc. by 
means of a miniature snap- 
action switch mechanically 
actuated by the breaker 
contacts. 


ELECTRIC COMPANY 


99 Plum Street, Trenton 2, N. J. 


boeaken <> 
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Solve Your 


HOT PROBLEMS 


wT 


IMMERSION HEATERS 


Vulcan Electric Immersion Heaters 
are the perfect answer for heat 
transfer to liquids — water, oil, 
wax, paraffin, asphalt, tars, sol- 
vent vapors, etc.; in tanks, boilers, 
urns, kettles, etc. 


You have a wide choice of 
threaded bushing or flange type 
mountings; bayonet type, side or 
bottom outlet; copper, steel, stain- 
less, or alloy sheath; single or three 
phase; 500 to 10,000 watts (or 
higher); 120, 240, 480 volts (or 
higher); pressures up to 3500 psi. 


When your hot problem calls for 
unusual specifications, you get a 
speedy solution through Vulcan 
Versatility in engineering and pro- 
duction. Standard or special — 
Vulcan is ready to supply your 
complete needs in low-cost, effi- 
cient heating units — immersion, 
cartridge, strip, tubular, finned, 
band and ring heaters. Send cou- 
pon for catalog and prices. 


(VULCAN) 


ELECTRIC COMPANY 
DANVERS 30, MASS. 
Cartridge « Strip » Tubular » Immersion Electric 


Heaters . Soldering and Branding Irons 
Solder and Glue Pots 








VULCAN ELECTRIC COMPANY 
Danvers 2, Mass. 
Please send me your catclog and price in- 
formation on Vulcan Electric Heaters. | am 
especially interested in (check). 

OC) Immersion 0) Strip 

0 Cartridge ©) Tubular 

0 Other 


Nome & Title 





Company 
Street & No. __ 





City & State _ 
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with specific examples. Complete 
design data and curves, verified by 
use in a design organization, are 
given. (702) 


Design of Cooling Fins for Semicon- 
ductors, November 1957, 8 pages. 
Removal of heat from semiconduc- 
tor devices is accomplished pri- 
marily by providing increased sur- 
face area. The geometry, material 
selection and dimensions of cooling 
fins for this purpose depend upon 
numerous factors. Calculation meth- 
ods with convenient nomograms are 
presented for direct use in the de- 
sign of fins. (710) 


Research Progress in  Dielectrics— 
1957, December 1957, 12 pages. 
Annual on-the-spot staff review of 
the meeting of the Conference on 
Electrical Insulation (National Aca- 
demy of Sciences—National Re- 
search Council). Subjects discussed 
include: materials for severe tem- 
perature and other environmental 
conditions in supersonic missile and 
aircraft applications; radiation re- 
sistance of silicones; degradation of 
Mylar film; insulation life of flexible 
insulation; mechanisms of electrical 
failure; “treeing” in polyethylene 


cable. Table and graphs. (712) 


Evaluation of Enameled Magnet Wire 
and Applications, October 1957, 
20 pages. A detailed review of the 
major types of enameled magnet 
wire, with properties appraised in 
relation to specific areas of product 
application. Types of wire reviewed 
include those with plain enamel, 
Formvar, Nylon, Nylon-Formvar, 
polyester, epoxies, Teflon, Teflon- 
acrvlic, and polyurethane. Detailed 
tables of properties, application 
areas, advantages and disadvan- 
tages of specific types, trade names, 
and applicable standards. (729) 


Analysis and Elimination of Corona 
Effects, November 1957, 8 pages. 
A discussion of the causes that lead 
to corona with examples of specific 
procedures, such as changes in con- 
figuration, to eliminate corona ef- 
fects. Test methods for detection 
and location of corona are also de- 


scribed. (701) 


Minimizing Partially Developed Relay 
Tree Circuits, August 1957, 8 
pages. In a fully developed relay 
tree (all possible outputs utilized) 
the number of transfer contacts is 
determined by the number of re- 
lays—regardless of circuit arrange- 
ment. But if all outputs are not 
utilized, the number of transfer 
contacts can vary according to the 
way the circuit is designed. Article 


presents unique graphical method 
for “mapping” circuit arrangements 
with a minimum number of transfer 


contacts. (719) 


Housing Design for Centrifugal Blow- 


ers, November 1957, 8 pages. Effect 
of three major factors in housing de- 
sign for single-inlet impellers of the 
squirrel-cage type are considered: 
scroll shape, housing width (with 
respect to blower width), and 
geometry of inlet ring. Test data are 
analyzed as basis of choice of these 
design parameters. (705) 


Design Procedures for Special Type 


High-Temperature Transformers, 
July and August, 1957, 20 pages. 
A two-part presentation of step- 
by-step design procedures for high- 
temperature transformers of the 
following types: transformers with 
unbalanced d-c magnetization, cur- 
rent limiting transformers, current 
limiting transformers with unbal- 
anced magnetization, and vibrator 
supply transformers. (735) 


JIC Electrical Standards for Industrial 


Equipment, June 1957, 24 pages. 
Revised specifications for the appli- 
cation of electrical apparatus to 
welders and other industrial equip- 
ment, as adopted by the Joint In- 
dustry Conference held in Detroit, 
March 1957. Single reprints, no 
charge. Multiple quantities obtain- 
able at the following prices: 5— 
$3.75; 10—$6.00; 25—$12.50; 50— 
$20.00; 100—$30.00. Send check 
with order payable to The Gage 
Publishing Company, 1250 Sixth 
Ave., New York 20, New York. 
(724) 


Integration of Dielectric Materials, 


Processes, Components, July 1957, 
12 pages. On-the-spot staff review 
and interpretation of 1957 meeting 
of the Electric Division, Electro- 
chemical Society. Property and ap- 
plication data on fluorinated gase- 
ous dielectrics and _ metal-fiber 
paper. Summary of progress in 
high-temperature dielectrics for 
500-C capacitors. Problems in ther- 
mal evaluation and classification of 
insulation. Statistical studies on in- 
sulation life. Tables and graphs are 
included. (721) 








See page 254 
for 
MULTIPLE REPRINT 
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DOW LIQUID EPOXY RESINS 


VISCOSITY (CPS) 


COLOR (GARDNER) 


EPOXIDE 
EQUIVALENT WEIGHT 


Available in drums, truckh ee clin Z 
eesins.* Coll the 


Try Dow — the basic sour! 


This hand-poured casting was not evacuated to remove bubbles. 











See for yourself the clarity of new Dow Epoxy! 


This unretouched photo demonstrates how easy it is to see 
through several inches of Dow Epoxy Resin 332—and thus 
how easy it is to visually inspect parts which are encapsu- 


lated in D. E. R. 332. 


But a perfect inspection “window” is not the only advantage 
you get when you use D. E. R. 332 for encapsulation. Com- 
pared to ordinary epoxies, the high purity of D. E. R. 332 
makes possible more uniformity, lower viscosity, longer 
pot life and greater heat resistance. Of special interest also 
for electrical applications, D. E. R. 332 and D. E. R. 331 


are very low in total and hydrolyzable chlorides. 


D. E. R. 331 is a standard unmodified resin designed for 
customary applications and D. E. R. 334 is a modified low- 
viscosity resin especially suited for laminating. 

All three of these Dow Liquid Epoxy Resins are available 
for prompt delivery to you in drums, truck or tank car lots. 
For complete information on Dow liquid and solid epoxies 
and epoxy novolaks, call your 

nearest Dow sales office. Or 

write THE DOW CHEMICAL 

COMPANY, Midland, Michigan, 

Coatings Sales Dept. 2262N. 


YOU CAN DEPEND ON 
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Multiple Reprints 





M 


SI 


ultiple Reprints (reprints or com- 
pendiums into which are combined 
several separate articles on the same 
or reiated subjects) are available at 
the nominal prices indicated in each 
listing. Orders must be accompanied 
by remittances. Large quantities, 
special quotations. Address: ELrc- 
TRICAL MANUFACTURING, 1250 
Sixth Avenue, New York 20, N. Y. 


ide Rule Mathematics, 20 pages, 
plus 4 practice slide rules printed 
on a separate sheet of heavy stock 
for easy cut-out. A practical guide 
to the understanding of the slide 
rule and its application to engi- 
neering problems, this combined 
reprint of a 2-part article traces 
the logical development of the 
slide rule’s fundamentals and com- 


equipment, appliances and _instru- 
ments. Relationship between human 
engineering and broad aspects of 
reliability and maintenance are dis- 
cussed. Certain articles emphasize 
design case histories and analyses of 
specific design parameters, includ- 
ing problems in military equipment, 
control systems, data processing 
systems, special-purpose instrumen- 
tations and training devices. Meth- 
ods for setting up human engineer- 
ing groups within an engineering 
organization are given. Tables of 
human engineering “do's and 
don'ts.” $2.50 


Multiple Reprints 
at Quantity Prices 


Since handling expenses are a signif- 


plete concise instructions for its 
use. Over 50 two-color illustrated 
examples of step-by-step slide rule 
settings are given. Major topics 
include: 
e The Basic Slide Rule 
e Variations on Basic C-D Opera- 

tion 

Trigonometry 

The Log-Log Scales 

Vector Diagrams 

Hyperbolic Functions 

Phasor Calculations 

The Circular Slide Rule 


icant cost element in the distribution 
of these Multiple Reprints, grouping 
of orders makes possible substantial 
savings in cost per copy. For single 
shipments to one address, on orders 
accompanied by remittance, the fol- 
lowing prices per copy apply: 


Quantity 

Title 5 25 
Slide Rule Mathematics 90 .75 
Casting Resins 1.50 


Human Engineering 2.00 
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Written by Ira Ritow, engineer- 
teacher-author, whose previously 
published work in ELecrricaL 
MANUFACTURING includes “Capsule 
Calculus” and the 5-part series 
“Fundamentals of Servomechanism 
Design.” $1.00 


Casting Resins and Application Tech- 


Human Engineering 


niques, 52 pages. Eight previously 
published articles dealing with the 
embedment, encapsulation, and im- 
pregnation of circuit units and com- 
ponents. Individual articles cover: 
Property data on casting resins: 
Evaluation tests on resin systems: 
Results of environmental tests on 
embedded units; Process contro] 
problems. Annotated bibliography 
of articles is included. $2.00 


in Equipment 
Design, 94 pages. Ten previously 
published articles dealing with the 
theory, techniques and practice of 
human engineering written for the 
special needs of the designer of 
electrically energized machines, 


Prices given above include shipping 


charges. Make checks payable to The 
Gage Publishing Company, 1250 Sixth 
Ave., New York 20, N. Y. 








Now Ready— 
Get Your Copy of the 


EDITORIAL INDEX 10 
ELECTRICAL MANUFACTURING 
FOR 1957 


In addition to an annotated, sub- 
ject-classified index to all the 
feature articles, this 24-page book 
provides an author index, and 
reproduces the ELectricaL MAN- 
UFACTURING Functional Subject 
Classification and Alphabetical 
Subject Cross Index. To receive 
your copy of this index without 
charge, circle No. 737 on the 
Reader Inquiry Service Card on 
page 17. 
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EVERY 


2 new applications are filled by 





HOWARD Fractional Horsepower Motors 


Model 2800 Illustrated 
Shaded Pole Motors 
1/2000 to Ys H.P. 


MORE THAN 100,000 


FILLED SPECS ON FILE 


Through the years, designers and purchasing agents have 
learned that they can depend on Howard to quickly and 
inexpensively produce a motor to any specifications. With 
over 100,000 specs on file, chances are Howard engineers 
have worked on applications similar to yours—and can 
easily meet your mechanical, electrical and cost require- 
ments. To aid you in selecting the right motor for a 
particular job, general characteristics of the basic Howard 
motor types are listed below. Whatever your needs, if 
you’re in the market for power—check with Howard first. 


CHARACTERISTICS AND TYPICAL SPEED TORQUE CURVES OF 
BASIC HOWARD FRACTIONAL HORSEPOWER MOTOR TYPES 


UNIVERSAL MOTORS 


Series Type 

Power: DC and AC 25 to75 cycles. 
1. High No Load Speed. 

2. Full Load Speed (Optimum Per- 
formance) at approximately 50% 
no load. 

3. Starting Torque high, 200 to 
300% full load torque. 

4. Variable speed, speed decreases 
with increasing loads. 


Shunt Type Power: DC only. 
1. No load and Full load speed are 
adjustable by winding or by arma- 
ture and/or field voltage control. 
Approximately a 2:1 speed range 
can be obtained by field control, 
and 10:1 by armature control. 

2. Fairly constant Full load speed. 
3. Regulation varies from 10% to 
30% depending upon duty and 
power requirements. 

4. Starting torque, approximately 
150 to 200% of Full Load. 


Pow: pEeP ae 


HOWARD 


Offices 


a. 


Model 2900 lilustrated 
Induction Motors 
1/1400 to “% H.P. 


e 


Model 11A Illustrated 
Universal and D.C. Motors 
1/100 to 2 H.P. 


SHADED POLE MOTORS 


Power: AC 50 to 60 cycles. 

1. No load speed is determined by 
the number of poles with a No load 
slip of 3 to 5%. 

2. Fairly constant Full Load Speed, 
with a full load slip of 10 to 20%. 
3. Breakdown torque approximately 
150% of full load. 

4. Starting torque low, 50 to 75% 
of Full load. 


INDUCTION MOTORS 


Torque Type 

Power: AC 50 to 60 cycles. 

1. No load speed is determined by 
number of poles, with a No load slip 
of approximately 5%. 

2. Full load speed decreases with an 
increasing load. Designed to oper- 
ate at approximately 30% full load 
slip. 

3. No breakdown torque. 

4. Startina torque high approxi- 
mately 125% full load. 





Other Howard motors: 


Capacitor Run Type 

Power: AC 50 to 60 cycle. 

1. No Load speed is determined by 
the number of poles, with a No load 
slip of 2 to 4%. 

= Constant full load speed, with a 
ull load slip of approximatel 
10% P PP y 





Reluctance Synchronous type 
motor 

Power: AC 50 to 60 cycles. 

1. Runs at a synchronized speed, de- 
termined by the number of poles. 
2. Starting torque low, 50 to 75% 
of full load. 


Hysteresis Synchronous type 
Power: AC 50 to 60 cycles. 

1. Constant synchronized speed, de- 
termined by number of poles. 

2. Starting torque equal to full load 
torque. 

3. Quiet operation. 


UNIVERSAL & D.C. 1/200 to 1 h.p. e SHADED POLE 1/2000 to 1/8 h.p. 
INDUCTION 1/1400 to 1/8 h.p. * SERVO MOTORS « GEAR MOTORS ¢ BLOWERS 


HOWARD INDUSTRIES, INC., 172 State St., Racine, Wis., Telephone ME 2-2731, Teletype: RCA344 


208 S. LaSalle St., Chicago 4, CE 6-5126 

942 S. La Brea Ave., Los Angeles 36, WE 8-2444 
Room 4822, Empire State Bldg., New York 1, LO 4-7992 
300 Broadway, Camden, New Jersey, WO 49733 
1077 Celestial St., Cincinnati 2, Ohio, PA 1-2985 


Representatives in 
Principal Cities 
Consult Your 
Classified 

Phone Book 


DIVISIONS: Exe) ELECTRIC MOTOR CORPORATION CYCLOHM MOTOR CORPORATION RACINE ELECTRIC PRODUCTS (s) LOYD SCRUGGS COMPANY 
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Magnesium Parts 
in Electrical Equipment 


(Continued from page 55) 





The second use for such a fabrication, as a mock-up 
for a casting, is intended to permit exact casting design 
in the layout stage without the need of being committed 
to tooling at an early stage. This approach is made pos- 
sible by a process called “photo stress”* which is a rela- 
tively new tool for stress measurement. 

The general size and configuration of the casting is 
first determined, and then such approximate stress cal- 
culations as are possible determine the wall thickness, 
flange dimensions and ribs. The design is then fabricated 
of sheet and bar stock using butt welds so that the con- 
tinuity of stress distribution will not be affected. Stress 
relief ensures the absence of locked-up welding stresses. 
The plastic photo stress film is then cemented to the out- 
side surface and the casting is loaded to simulate service 
conditions. When this stressed model is examined under 
reflected polarized light, in proper equipment, optical 
fringes appear so that stress concentrations and the di- 
rections of stress are readily observed (see Fig. 14). 
Moreover, by counting the fringes, the numerical value 
of the stress can be accurately calculated. Wall thickness, 
flanges and stiffeners may then be changed to produce 
the lightest structure possible. 


*Tatnall Measuring Systems Company, Phoenixville, Pa. 


Fig. 14—Plastic photo-stress film showing stress concentration 
and directions of stress on pulse modulator under 20 lb per 
sq in. pressure. 


Conclusion 

There will be an increasing amount of magnesium 
used in military equipment of all kinds, ranging from 
very sophisticated structures where weight saving super- 
sedes problems of cost to equipment carried by per- 
sonnel in the field. 

In the field of commercial electrical equipments, mag- 
nesium shows great promise for future use. Small motors 
are now using magnesium frames. Large, bulky equip- 
ment could use magnesium to save weight and decrease 
freight and floor loads. Where quick-acting controls are 
necessary, magnesium will reduce inertia. Where weight 
and strength are coincidental problems, magnesium is 
the most economical and easily fabricated structural 
material in current design use. OOO 





Standard Test Panel 
for Printed-Wiring Boards 


(Continued from page 99) 





ity of the coating during test. Mounting spacers are 
installed on the board to test the base material’s ability 
to withstand swaging and to obtain typical standoff 
mounting to a rigid plate. 

The test panels are subjected to the following environ- 
mental procedures: high temperature operation, thermal 
cycling, low temperature operation, humidity endurance, 
vibration and baking. Electrical and physical properties 
are measured initially, and during and after various 
periods of subjection to these environmental stresses. It 
is in these tests that the standard test panel becomes 
most valuable, as it provides a reference standard to 
which all vendors, processes and types of construction 
may be compared. 

Each configuration on the test specimens shown on p 
99 is used for one or more tests. The test combs (one 
on each side of the specimen) are used to measure in- 
sulation resistance and flashover voltage. The guarded 
disk and the large opposing disk are used to measure 
the volume resistivity, surface resistance, dielectric con- 
stant and dissipation factor. Two pairs of plated holes 
are used to test the dielectric withstanding voltage. The 
plated hole grid is used to measure the voltage drop for 
both solder-filled and unfilled holes and to determine 
whether the voltage drop increases as the test progresses. 
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The solderability of the plated holes is cheeked by solder- 
filling the “A” section of the hole grid and soldering five 
components into the component section. The latter sec- 
tion is also used to test soldering rework endurance, 
thus simulating replacement of components. The long 
peel-test strips are used to determine the bond strength 
of the conductive pattern by the peel method, and the 
isolated 14 in. disks are used for a pull test. 

Upon completion of all tests, one test panel is encapsu- 
lated and cross-sectioned for microscopic examination. 
The plating thickness is measured, the ability of the 
surface plating to be wet by solder is observed, and the 
copper edges are examined to determine if the fabrica- 
tion process has caused undesirable undercut or flap. 

The Motorola requirements described here have been 
established at a high level. To date, they have been met 
by at least one vendor. The boards and materials of other 
vendors are now being tested against these requirements. 
Although materials and design have been specified in 
some detail, the performance is very dependent on the 
processes used in producing the boards. Even minor 
changes in the process affect the performance in unex- 
pected ways. It has been found difficult to persuade 
board vendors to refrain from deviations in their process, 
once they have been approved. The objective has been to 
establish the adequacy of specified manufacturing proc- 
esses and to periodically confirm that the vendor’s qual- 
ity level has been maintained. 

In summary, the standard test panel (described here) 
permits the use of uniform test procedures in the per- 
formance evaluation of high quality printed-wiring 
boards. OOO 
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Designers who look to Nylon look t0o WAAWFTONWAL first 


For fabricated parts—or for extruded 
strip, rod, tubing or special shapes— 
you'll find National a dependable 
primary source of Nylon. Costly 
molds and time delays may favor 
the delivery of 100% usable parts 
fabricated from National Nylon 
and timed to your production 
needs. 


Ps 
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In many cases, fabricated parts 
from standard or special extruded 
shapes give you more design freedom 
at no greater unit cost. Buying from 
the source makes this possible. Be- 
fore you “freeze” a molded design, 
talk with your National Sales Rep- 
resentative. 

Check him, also, for your other 
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basic materials needs—PHENOLITE® 
Laminated Plastic, Vulcanized Fibre, 
PHENOLITE Copper-clad. Many 
grades from the more than 100 avail- 
able— including Nylon rod—are “‘in 
stock”’ for immediate shipment. For 
Nylon sizes, grades and properties, 
write Dept. C-7 for our Technical 
Data folder. 


/ 
, WATIEONAL voicanizeED FIBRE CO. Wii MINGTON 99 DELAWARE 


In Canada: NATIONAL FIBRE CO. OF CANADA, LTD., Toronto 3, Ont. 
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Temperature Rise vs Current Rise 
of Etched Wiring Lines 


(Continued from page 96) 





the copper weight. The efficiency can be confirmed by 
selecting a current density value and comparing the 
various values of temperature rise at this current density 
value. 

There is a definite current-carrying limit for each 
etched line of specified cross-sectional dimensions. The 
current-carrying limit should be based on the line of 
smallest cross-sectional area of any specified width and 
copper weight that could be expected in production. 
Furthermore, the current-carrying limit will be depend- 
ent upon the line temperature rise above ambient and 
the point at which degradation of the tested laminate 
occurs, 

Charring of the epoxy-glass laminate was visible along 
the edge of the etched line at 278 F. The maximum 
continuous operating temperature of this laminate is 
360 F. Obviously, there was a difference between the 
temperature of the upper surface of the line and the 
temperature of the laminate directly under the copper 
line. Extreme thermal deterioration was evidenced by 
separation of the copper from the laminate. A more 
thorough investigation of thermal deterioration will be 
made. 

Pin holes in the copper-clad material were more 
prominent in the heavier-weight copper. Laminators are 
investigating the use of rolled (in place of electrolytic) 
copper in order to minimize this condition. (It was not 
possible to determine whether electrolytic or rolled 
copper was used on the test specimens.) An investiga- 
tion of temperature rise vs current for electrolytic com- 
pared to rolled copper specimens will be made. 

It is obvious that there exists a definite need for ac- 
curate temperature rise data presented as a_ practical 
design aid. The data obtained in this investigation in- 
dicate that, with carefully controlled measurement tech- 
niques, an accurate design nomograph may be con- 
structed. However, further study will be necessary before 
this nomograph can be published. The interim nomo- 
graph in Fig. 5 can serve as a design guide, provided 
its limitations are recognized. 


Recommendations 

l. A further study should have for its objective a 
similar comparison of the temperature rise character- 
istics of copper-clad laminates of various grades and 
materials. 

2. A study of the temperature-gradient characteristics 
of etched lines of various length should be made. We 
would expect the line temperature variation to increase 
as the length of the line is increased. The line tempera- 
ture variation would result from variations in line cross- 
sectional area. The line definition will depend upon the 
method used in the production of the printed-wiring card 
and on the process controls. This investigation should 
be correlated with the complete study of the test speci- 
mens reported in this article and expected from (1) 
above. 

3. The resistance of etched lines as a function of line 
current and temperature should be investigated. 

4. It follows that upon completion of the enumerated 
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recommendations, only a portion of the problem will 
have been solved; therefore, an investigation should be 
made to determine a practical solution to heat-dissipa- 
tion problems in electronic packages containing etched 
circuits. 

5. A study of the temperature rise characteristics of 
etched lines carrying a'ternating currents should also 
be made. 

6. An investigation should be made of the tempera- 
ture rise characteristics of an etched line carrying high- 


current pulses of various repetition rates. OOO 


Gage Modules 
Advance Machine-Control Design 


(Continued from page 113) 





wiring or remote installation by him. 

A typical control cabinet using the new design prin- 
ciples is shown in Fig. 3. Relays are plug-in and com- 
ponents that are not available in this form employ plug-in 
leads. A unique feature is the use of sliding panels 
suspended from a telescoping overhead track; each panel 
can be completely withdrawn from the cabinet for serv- 
ice or replacement. These particular methods of control 
equipment arrangement are applicable to complex 
systems. 


Modular System. For the simpler types of gages 
and associated equipment that are of more standardized 
and interchangeable nature, the principle was adopted of 
enclosing pneumatic and electrical components together 
when these had associated functions. A typical applica- 
tion of this approach to a “post-process” gage is com- 
pared in Figs. 4, 5 and 6. A post-process gage is one 
that is applied to check a part dimension after the part 
has been removed from a machine, as contrasted with 
an “in-process” gage which is directly associated with a 
machine and checks dimensions of parts without their 
being removed.} Figure 4 shows the original arrange- 
ment of equipment for post-process gaging of one dimen- 
sion on a roller-bearing race, using separate units for 
the pneumatic gage, the relay cabinet and the pushbut- 
ton station. A similar gage using the new modular and 
standardized designs is in Fig. 5. The three formerly 
separate units are combined in one enclosure and the 
panels in the control cabinet have been designed in units 
or modules to form the complete gage. Such a combina- 
tion is shown in Fig. 6, which shows an arrangement for 
gaging two dimensions of a part instead of one. The 
application of the same modular unified-enclosure prin- 
ciple to an in-process gage is shown in Fig. 7 (left); a 
similar gaging application using traditional design prin- 
ciples is in Fig. 7 (right). 

The use of plug-in connections and the design gains 
derived from combining the pneumatic and electrical 
elements within one enclosure are apparent in Fig. 8. 
The “building-block” approach to the design of gaging 
and control equipment has resulted in the availability of 


tSee “The Anatomy ef Automation,’”’ Execrrican Manuracruninc, February 
1958, Table 14, p 130. 
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with aluminum 





REYNOLDS Anodized Aluminum 
fe Strip Conductor 


eliminates insulation, cuts magnet weight 


Many of the advantages offered electrical equipment 
designers by Reynolds Anodized Aluminum Strip 
Conductor are proved in the new lifting magnet made by 
the Dings Magnetic Separator Company, Milwaukee, 
Wisconsin. Bulky layer insulation is eliminated because 
the anodic film on the aluminum strip provides the 
necessary insulation. This allows 100% productive use of 
coil space providing a more powerful, lighter 
weight magnet. 

These advantages can be realized in many other 
electro magnetic applications. 


e Ease of winding. 

e Reduction of voids and thickness of insulation. 
¢ Reduced layer to layer voltages. 

e Better heat transfer characteristics. 


e Aluminum’s future availability is much better 
than any other non-ferrous metal. 


For details and for the assistance of Reynolds 
Engineering Service on your products or problems, 
call your nearest Reynolds Branch Office or write 
Reynolds Metals Company, P.O. Box 2346-ED, 
Richmond 18, Virginia. 
The Finest Products 
Made with Aluminum AVAILABLE NOW: 
Write today for these informative booklets on Reynolds 
are made with =| Anodized Aluminum Strip Conductor and Reynolds 
: Interleave i s in informa- 
REYNOLDS @ ALUMINUM Son on euluch aephhedilic teeta onek sestiegy od 
a wire gauge-strip conductor computation chart. 


Watch Reynolds All-Family Television Program, ‘‘DISNEYLAND”’, ABC-TV. 
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a highly versatile array of simple-system units that may 
be combined and installed, often by the customer him- 
self, to accomplish a wide range of measurement and 
machine-control functions without special designs, and 
with all the advantages of doing away with numerous 
electrical, pneumatic and hydraulic interconnections 
between scattered instruments and equipment. 

The sliding-panel, integrated constructions developed 
for major control systems as typified by the automatic 
bearing assembly machines, and the standardized modu- 
lar simple-system gaging and control units represent the 
products of an intensive program by the gage manufac- 
turer for the evolution of improved basic design prin- 
ciples for control equipment to be associated with heavy 
machines. The program is a continuing one. Unabated 
efforts are being exerted, in this program, to find better 
solutions to chronic engineering problems; some of 
these are of long standing, and others have been in- 
troduced by the adoption of the new design principles 
—as, for instance, the general difficulties in relation to 
electrical terminations. Soldering is expensive as a proc- 
ess and otherwise objectionable: a reliable and compact 
system of tab-and-clinch is far preferable for use in 
complex arrays of small and sensitive control apparatus. 
Plug-in devices should incorporate some mode of pre- 
senting unique identities, so that incorrect installation 
of components would be impossible. Reliability and 
resistance to generally rugged environmental conditions, 
including the types of vibration and shock encountered 
in industry. also need improvement in plug-in devices. 

















Stretch Your 
Engineering 
Budget with 


Filmsort 


Aperture Cards 






























































Many are the reasons why companies use Filmsort aper- 
ture cards for engineering drawings. 


One company saves enough on its fire insurance 
premium to pay for the system; another gets its savings 
from vault space. A third says it is the only way to 
hove real security. 

Maybe the fourth has the best reason of all—it finds 
its engineers have more time to engineer. You will agree 
these are four good reasons for reading our booklet, 
“The Filmsort Aperture Card for Your Engineering Draw- 
ings and Allied Records”. 


The Filmsort Company 


Pearl River, New York 
A DIVISION OF MIEHLE-GOSS-DEXTER, INC. 
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Interval Timers 





— Running Time Meters 











Re-Cycling Timers 


Timers for Automatic Control 
... Standard or Special? 


You'll get quick deliveries 
from Industrial Timer 


If slow deliveries of timers have been delaying you in your 
automatic control projects, try us! True, your problem may 
be different and difficult indeed, for no two automatic con- 
trol jobs are exactly alike. But our record in helping out in 
situations like these is excellent. For in this field we have a 
valuable background, twenty years of timer experience to 
be exact, that has provided us with the special knowledge 
required to supply our customers with the right answers. 


How do we do it? The answer is in what we believe to be 


Timers that Control 


the Pulse Beat of Industry 
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the largest variety of standard and combination timer units 
anywhere in the industry. To fill the widely varying needs of 
our customers, we manufacture a complete line of timers in 
the four broad classifications illustrated above: Time Delay 
Timers, Re-Cycling Timers, Interval Timers, and Running Time 
Meters. From these our timer engineers have developed 20 
basic types which they have so far combined in over 1000 
different ways. Therefore—many jobs that would seem to 
require a special timer, are in fact, a standard timer with us. 


And our large stock assures you of rapid deliveries—even 
when we have to create a brand new timer for your special 
needs. So why not send us your specifications. You'll get a 
prompt reply and you may save yourself much lost motion. 


AFFILIATE — LINE ELECTRIC COMPANY 


INDUSTRIAL TIMER CORPORATION 


1411 McCARTER HIGHWAY, NEWARK 4,N. J 
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Products made or services rendered by advertisers in ELECTRICAL MANUFACTURING which 
are used in the design, engineering and manufacture of electrically operated machines, appliances 
and equipment—a monthly service to readers and advertisers. Data may be secured from advertise- 
ments. Publisher will supply any additional information which is available—use postcards appearing 


on page 17. 





ADHESIVES 

Bakelite Co., Div. of U mon oe je Corp.. 

E. 42nd, New York Y 
Plastics Div cen 
1307 Walck Rd N 


ia Chemical 
Tonawanda 


N. ¥ 
Houghton Laboratories. Inc.. Olean. N. Y 
Johns-Manville, Dutch Brand *products, 
7800 Woodlawn Ave.. Chicago 19. Il 
Minnesota Mining & Mfg. Co., Electrical 
Products Div., 900 Fauquier Ave., St 
Paul 6. Minn. 


ALUMINUM. See also Castings 

Aluminum Co. of America, Alcoa Bidg.. 
Pittsburgh 19. Pa 

American Brass Co., Waterbury 20. Conn 

Reynolds Metals Co., P.O. Box 1800-ED 
Louisville 1, Ky. 


AMMETERS. See Instruments. 


AMPLIFIERS, ELECTRONIC 
General Electric Co., Apparatus Sales Div.. 


Schenectady 5, N > 
1378 Main 


Kearfott ©o.. Inc., 
Clifton, N. J 

Librascope, Inc., 808 Western Ave.. 
dale 1, lif. 


‘a 
Magnetic Amplifiers, Inc., 
New York N. 


Nothelfer Winding Laboratories. 
Box 455, Dept. EM renton 3, N. 

Sanborn Co., Waltham 54. 
Mass 

Servospeed Co., 

c.. 4 Godwin Ave., 

United Transformer Co. 
York 13. N. 

Vickers Electric Div.. Vickers, Inc., 
Locust. St. Louis 3. Mo 

Westinghouse Electric Corp.. 
ter, Bidg. No. 3, 401 
Pittsburgh 30. Pa 

Weston Electrical Instrument Corp., A sub. 
of Daystrom. Inc.. 614 Frelinghuysen 

. Newark 5, N. J 


Ave... 
Glen- 
632 Tinton Ave.. 


175 Wyman, 
Div. of Electro-Devices. 
Paterson 1, } 

150 Varick. New 


1803 


Gateway Cen- 
Liberty Ave., 


ANODES, PLATING 

American Brass Co., Waterbury 20. Conn 
Chase Brass & Copper Co., Sub. of Ken- 
Waterbury 20. Conn. 
Industries Inc American 
Platinum & Silver Div., 231 N. Rail- 

road Ave., Newark 5. N 
‘Chemical Div. 


Engelhard Industries, Inc., 
& Baker Platinum Div., 113 Astor. 
Newark 5. 

General Plate, ‘Div. 
Corp 1907 Forest 
(Silver. Gold) 

Handy & Harman, 82 Fulton, New York 
38 (Silver, Gold) 


Hussey & Co.. C. G., Pittsburgh 19, Pa. 


Metals and Controls 
Attleboro, Mass 


ASBESTOS ~- gaa See Sleeving and 
Tape, Asbestos 


AUTOMATION EQUIPMENT 


Stromberg-Carlson, A Div 
Dynamics Corp., 117 
Rochester 8, N. Y. 


BALANCING MACHINES 


General Electric Co., Apparatus Sales Div., 
Schenectady 5. N. 

Westinghouse Electric Corp., 
ter, Bldg. No. 3, 401 
Pittsburgh 30. Pa 


BALLS, BEARING 
Hoover Ball & Bearing Co., 326 E. Hoover. 
h. 


Ann Arbor, 
. Philadelphia 32, Pa. 


of General 
Carlson Rd.. 


Gateway Cen- 
Liberty Ave., 


ic 
SKF Industries, Inc 


BATTERIES, DRY 

Mallory & Co., Inc., P. R., Indianapolis 
_6, Ind. 

National 


4 Carbon Co Inc.. 
Union 


Carbid Cc 30 “ “4 
de orp.. 3 E 2nc 
New York 17, N. ae . saute 
RCA Electron Tube Divr., Radio Corp. of 
America, Harrison. N. J 
BATTERY ELIMINATORS. 


See 
Supply Units: Rectifiers. 


Power 


BEARINGS, BALL (Miniature) 
Miniature Precision Bearings, Inc., 611 
Precision Park, Keene, N. 

New oeere Div. of General 
Corp., Bristol, Conn 

New ty Ball Bearings, Inc. 
borough, N. H. 


Motors 


Peter- 
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Plastics Div 


United States Gasket Co., 
c Camden 1 


The Garlock Packing Co.. 
J 


BEARINGS, BALL and ROLLER 
(Radial and Thrust) 

Hoover Ball & Bearing Co., 
Ann Arbor, Mich 

New Departure Div 
Corp Bristol, Conn. 

Nice Ball Bearing Co., 30th 
Park Ave., Philadelphia 40 a 

SKF Industries, Inc., Philadelphia 32, Pa 


326 E. Hoover 


of General Motors 


& Hunting 


BEARINGS and BushiNes. 
LUBRICANT-RETAINING 


Amplex Div., Chrysler Corp., Detroit 31. 


Inc., 9540 Tulley Ave.. Oak 


wn, 
United States Graphite Co., 1621 Holland 
Saginaw 8, Mich 
BEARINGS and or se METAL 
(Brass, Bronze, Steel, 
Amplex a Chrysler 
31 
Bunting 
h 


"s orp., Detroit, 
. Toledo 1. 


° 
Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp Waterbury 20, 


& Co., Inc., P. R 


, = and Bronze Co 


Conn 
Mallory Indianapolis 
6 


United States Graphite Co., 1621 Holland 
h. 


Saginaw 8. Mic 


BEARINGS and BUSHINGS, 
NON-METALLIC 

General Electric Co., Plastics Dept.. De- 
eatur. Ill. 

National Carbon Co., Inc., A Div. of Union 
ae ge Corp., 30 E. 42nd, New York 


National Vulcanized Fibre Co 
ton 99, 1 

Radio Cores, Inc., 
Lawn, I 

Spaulding Fibre Co., Inc., 
N 


Wilming 
9540 Tulley Ave., Oak 
Tonawanda 


Gateway Cen- 
Liberty Ave., 


Westinghouse Electric Corp., 
ter, Bidg. No. 3, 401 
Pittsburgh 30, Pa 


BELLS 
Stromberg-Carlson, A Div. of Bae 
Dynamic Corp 117 = Carlsor Rd., 


Rochester 3. N. 
Wheelock Signals ine... 273 Branchport 
v. J 


Ave., Long Branch, ° 
BELT DRIVES. See Drives, Belt 
oqgriLiee COPPER (Rod, Strip, Tube, 
Indianapolis 
K. Porter 


& Co., Inc., P. R 


Ind 
Riverside- Alloy Metal Div., H. 
Co., Ine., Riverside, N. J 


Matlery 


BIMETALS. 
BITS. SCREW and BOLT. 


Screw Keys and Wrenches. 
BLADES, FAN 
Torrington Manufacturing Co.,. 
Conn 
BLOCKS, PILLOW 
New _ Depart ure Div 
stol, Conn 
SKF Industries, Inc., 


BLOCKS. TERMINAL. See Strips, 
and Boards, Terminal. 


See Thermostatic Bimetals 


See Socket 


Torrington, 


of General Motors, 


Philadelphia 32. Pa 
Blocks 


BLOWERS. See Fans and Blowers 
BOLTS. See Fasteners. 


BOXES, METAL. See Sheet Metal Fabri- 
cators. 


BRAKES, MAGNETIC 

Autotronics Inc., Box 812, Rt. 1, 
sant, Mo 

Dings Brakes, ine. 5 
Milwaukee 46, 

Cutler-Hammer, = 
Milwaukee 1, Wis 

Eaton Mfg. Co., Dynamatic Div., 
Fourteenth Ave., Kenosha, Wis 


Floris- 
* sai W. Electric Ave., 
1264 St. Paul Ave., 


3307 


N. Broadway, 


Clutch Co., 


Stearns Electric Corp.. 120 
Milwaukee 2, V 

Warner Electric Brake & 
Dept. EM, Beloit, Wis 


BRASS, BRONZE and COPPER (Ali 
Commercial Forms). For Wire, see Wire 
and Cable, Bare. 

American Brass Co., Waterbury 20, 

Also Tobin Bronze, Chromium 
and Selenium opper Alloys) 

Chase Brass & Copper C« Sub. of Ken- 
necott Copper Corp., Waterbury 20, Conn 

Driver Co., Wilbur B., 1875 McCarter 
Highway, Newark 4, N 

Hussey & Co., C. G., 

Iisco Corp Dept. F-4 
Rd., Cincinnati 27, Ohio 
ing 

Phelps Dodge Copper Products Corp., 
Park Ave., New York 22, N , 

Somers Brass Co., Inc., 110 Baldwin Ave., 
Waterbury, Conn (Strip) 


Conn 
Cooper 


Pittsburgh 19, Pa, 
4730 Madison 
(Copper Tub 


300 


BRAZING ALLOYS, SILVER 
Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20, Conn 
Engelhard Industries Inc American 
Platinum & Silver Div., 231 N. J. Rail- 
road Ave., Newark 5, } 
Engelhard Industries, Inc., 
& Baker ag ama Div., 113 


Chemical Div 
Astor 
Newark 5, 
General Plate Div 
Corp 1907 Forest 
Handy a Harman, 82 


Metals and (Controls 
Attleboro, Mass 

Fulton, New York 
Indianapolis 


Mallory - Ge. tee. PB. R.. 
Ind. 


BRONZE. See Brass 
Phosphor Bronze 


Bronze and Copper 


BRUSH CAPS 
Midwest Molding & Mfg. Ce 


Mfg. Co., 


Gurnee 96 


Phoenix Te 4211 W. Lake 
Il 


Chicago 24, 


BRUSHES: cannon. GRAPHITE. 
METAL-GRAPHITE 

Engelhard industries. Inc., H. A. Wilson 
Div., 2655 U Rte 22, Union, N. J 

National A aly Co., Inc., A’ Div. of 
Union Carbide Corp., 30 E. 42nd, New 
York 17, : 

Speer Carbon Co., St. Marys, Pa 

Stackpole Carbon Co., St. Marys. Pa. 

United States ee Co., 1621 Holland, 
Saginaw 8, } 

Westinghouse Electric Corp., Gateway Cen 
ter, Bldg. No. 3, 401 Liberty Ave., Pitts- 
burgh 30, Pa. 


BRUSH HOLDERS. 
Commutator Brush 


See Holders, 


BUSHINGS 
Bearings. See Rearings 
Composition. 


and Bushings 
See Plastics Molders. 
Fibre. See Fibre, Vulcanized. 
Glass. See Glass, Technical. 
Hermetic Seals. See Seals and Term- 
— 
See Mic 
Porcelain. See Gevias 
Rubber, See Rubber =e Rubber Prod- 
ucts. 


CABINETS, SHEET 
Metal Fabricators. 


CABLE. 


METAL. See Sheet 


See Wire and Cable. 


CABLE ASSEMBLIES and HARNESSES 
See Harnesses and Assemblies, Wire. 


CAMBRIC, VARNISHED. 
Insulating. 


See Fabrics, 


CAPACITORS 

AMP Incorporated, Chemical & Dielectrics 
Div., 155 Park, Elizabethtown, Pa. 

Allen-Bradley Co., 1316 8. Second, Mil- 


waukee 4, Wis. 
Centralab, of Globe-Union, Inc.. 
Keefe Ave., Milwaukee 1, Wis 


962G E 

_ Resistor Corp., Wlectronics Div., 
Fansteel Metallurgical Corp., Chi- 
cago, Ill. (Tantalum) 
Film Capacitors, Inc., 3405 Park Ave., 
New York 56, N. Y. 


North 


Apparatus Sales Div., 


Manufacturing Corp.. 970 
1278, San 


General Electric Co., 
Schenectady N 
Jennings 
McLaughlin Ave., P.O. Box 
Jose 8, Calif 
Johnson Cx E. F., 2831 
. y.. Waseca, Minn 
& Co., Inc., P. R., 


Second A’ve., 
Indianapolis 


Ohinite " Manuta turing Co., 3613 Howard, 
Skokie, Ill. (Tantalum) 

Radio Condenser Co., Controls Div., 
den 3, N. J 

Sangamo 
nents Div 

Sprague Electric Co., 307 
Adams, Mass. 

Stackpole Carbon Co., St 

Texas Instruments Incorporated, 
mon Ave.. Dallas 9, Texas 


Cam- 
Electric Co., Electronic Compo 
Springfield, Ill 
Marshall, North 
Marys, Pa 
6000 Lem- 


GRAPHITE: (Contacts, 
. Anodes, Bearings, Dises, 
Piates, Plungers, Rings, Seals, 


and 


Electronics Div.. Erie 


Keasbey. N. J 


Erie Resistor Corp., 
Pa 


General Ceramics Corp., 

Speer Carbon Co.. St. Marys, Pa 

Stackpole Carbon Co., St. Marys, Pa 

United States Graphite Co... 
Holland, Saginaw, Mich 


CASTINGS. ALUMINUM and 

MAGNESIUM, See also Castings, Die 

Aluminum Co. of Alcoa Bidg.. 
I 


America 
Pittsburgh 19, Pa 


CASTINGS, DIE 

Aluminum Co. of America, 
Pittsburgh 19, P. 
Doehler-Jarvis Div. 

Toledo 1, Ohio 
Daprotaete Corp., 149 
ew Rochelle, N. Y 
Die Casting 


Alcoa Bidg.. 
of National Lead Co., 


Beechwood 
(Zine) 
Div., North 


Ohio 
Madison- Kipp Corp., 214 Waubesa. Madi- 
son 
Merkle- Korft 
Chicago 
New Jersey 
York 38. N. Y¥ 
loys) 


CASTINGS 

International 
New York 5, N. Y 
Alloys) 


CATHODE RAY TUBES. 
Cathode Ray 


CEMENT, INSULATING and SEALING 

Bakelite Co., Div. of Union Carbide Corp., 
30 E. 42nd New York 17, 

du Pont de Nemours & Co., (Inc.) 
Plastics Div., P« Iychemicals Dept.. 
mington . Del 

Durez Plastics Div 
Corp 1307 Walck R4& 


Gear Co., 211 N. Morgan 
Zine Co 160 Front. New 
(Zine Die Casting Al 


INVESTMENT 
Nickel Co., Inc., 67 Wall 
N (Nickel and Nickel 


See Tubes 


E. I 
Wil 


Hooker Chemica 
N. Tonawanda 
N. ¥ 

General Electric Co., Plastics Dept 
Decatur. I 

Johns-Manville. Dutch 
7800 Woodlawn Ave., Chicago 19. Ill 

Sauereisen Cements Co., Pittsburgh 15. Pa 

Zophar Mills, Inc., 112-130 26th, Brook 
lyn 32. N. Y. 


CERAMICS 

Standard & Special Electrical 
Porcelain (low-volt) 

Refractory Porcelain 
High-voltage Porcelain 
Cordierite 
Zircon Porcelain 
Steatite (Lava) 
Titanates 
Cement- Asbestos 
Ferrites 
Alumina 


Brand Products 


Akron Porcelain Co., 3000 
Akron 14, Ohio (AB) 
American Lava Corp., Chattanooga 5, 

(CDEFG) 
Centralab Div of 
962G E. Keefe Ave 


Corry Ave., 


Tenn 


Globe-Union Inc., 
Milwaukee 1, Wis 


) 
"ayia Co., 642 Ninth, Golden 


(BF 
Co 
alif. 


Genre 
(BEF 
Mycalex Corp. of America, Clifton Blvd., 
Clifton, N. J. (Glass Bonded Mica) 
Rostone Corp., 2405 S. Concord Rd., Lafa 
yette, Ind 
Square D Co., 
Mich, (A) 
Stackpole Carbon Co., St 
Star Porcelain Co., 34 
Trenton 9. N. J. (BF) 
Wisconsin Porcelain Co., 122 Lincoln, Sun 
Praire, Wis. (ABF) 


CHAMBERS, TEST 


Blue M Electric Co., 138th and Chatham, 
Blue Island, Il 


Cincinnati Sub-Zero Products, 3930 W. 8 
Reading Road, Cincinnati 28, Ohio 

CHARGERS, BATTERY 

Ther Electric & Machine Works, 
Jefferson, Chicago 6, IIL 

CHOPPERS, ELECTRONIC 


Airpax Products Co., Ft. Lauderdale, Fia, 
Oak Mfg. Co., 1260 N. Clybourn Ave., 
Chicago 10, 1 


CIRCUIT BREAKERS 


Airpax Products Co., Ft. 
Allen-Bradley Ce., 
waukee 4, Wis. 


Ceramics Corp., Keasbey, N. J 
I) 


6060 Rivard, Detroit 11, 


Marys, Pa. (1) 
Muirhead Ave., 


11A 8. 


Lauderdale, Fla 
1316 S, Second, Mil- 
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A. OUTER BRAID 


B. “MYLAR” 


Rome Cable reports... 
Du Pont Mylar’ helps eliminate reject problem 
in manufacture of cable for “Titan” ICBM 


PROBLEM: In designing its instrumenta- 
tion cable for the ‘“Titan’’? ICBM proj- 
ect, Rome Cable Corporation wanted 
a thin, abrasion-resistant tape to protect 
the insulated conductors from possible 
puncture by loose strands of the tin-cop- 
per braid (See C in illustration). They 
were also searching for a thin, heat-re- 
sistant core binder tape to prevent pos- 
sible puncture from the outer braid (See 
A) during extrusion of the cable jacket. 


SOLUTION: A tape of Du Pont ‘“‘Mylar’’ 


BETTER THINGS FOR BETTER LIVING 


. » THROUGH CHEMISTRY 


DU PONT 


MYLAR 


POLYESTER FILM 


JULY 1958 


Cc. INNER BRAID 


D. “MYLAR” 


polyester film for both applications (See 
B&D). Reason: ‘‘Mylar’’ has the desired 
balance of mechanicaland electrical prop- 
erties . . . it’s tough, abrasion- and punc- 
ture-resistant, even in thin gauges. 
“‘Mylar’’ has a high melting point... 
runs well on existing machinery. 


RESULTS: The two tapes of “‘Mylar’’ elimi- 
nated shorted cables due to puncture 
from loose strands of metal. Solving this 
problem has helped Rome Cable stabi- 
lize production, save money on time and 


PROPERTIES OF “MYLAR” 


““Mylar’’ offers a unique combi- 
nation of properties that may help 
you improve performance and 
lower costs of your product. Here 
are two of the many important 
properties for evaluation. 


HIGH TENSILE STRENGTH. “Mylar” 
is strong and durable. Instron Tester shows 
an average strength of 20,000 psi. It’s 
dimensionally stable . . . resists moisture. 


HIGH DIELECTRIC STRENGTH. Aver- 
age of 4,000 volts per mil... average power 
factor of 0.003 to 60 cycles .. . dielectric 
constant above 3.0 at 72°F., 1,000 cycles. 


materials and produce a cable that as- 
sures better performance and greater re- 


liability in the ICBM. 


How can “Mylar” help you? Whether 
you manufacture heavy-duty cable or 
tiny capacitors, it will pay you to evalu- 
ate the combination of properties found 
only in “‘Mylar’’. And when figured on 
an area basis, this tough, thin polyester 
film will often cost /ess than your present 
insulating material. For more detailed 
information, send in coupon. 


*“MYLAR”" is Du Pont’s registered trademark for its brand of polyester film. 


E. I. du Pont de Nemours & Co. (Inc.) 
Nemours Bldg., Wilmington 98, Del. 


Film Dept., Room EM.7, 


Please send the new booklet listing properties, applications and 


Application 


types of ““Mylar”’ polyester film available (MB-11). 








Cc 
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Address 
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Crouse-Hinds Co., Syracuse 1, 

Cutler-Hammer, Inc., 1264 St, 
Milwaukee 1, Wis, 

E-T-A Products Co. of America, 5085 N. 
Elston_Ave., Chicago 

General Electric Cs, Apparatus Sales Div., 
Schenectady 5, N 

«ike Preciric Co., 99 Plum, Tren- 


Metals & Controls Corp., 
Attleboro, Mass. 
4041 N. Richards, Milwau- 


Ae A 
Paul Ave, 


ton 
Spencer Div., 
3607 Forest, 
Square D Co., 
kee 12. Wis 
Westinghouse Electric Corp., Gateway Cep- 
ter, Bidg. No. 8, 401 Liberty Ave., 
Pittsburgh 22, Pa. 


CIRCUIT STRUCTURES, ELECTRONIC 


Vector Electronic Co., 3552 San Fernando 
Los Angeles 65, Calif. 


CIRCUITS, ETCHED, PRINTED, ETC. 
American Lava Corp., Chattanooga 5, Tenn, 
Centralab| Div. of Globe-Union, Inc., 
962G E. Keefe Ave., Milwaukee 1, Wis. 
Daven ©o., 536 W. Mt. Pleasant Ave. 
Route 10, Livingston, N. 
—* Corp., Electronics Div., 
Mycalex Corp. of America, Clifton Blvd, 
Clifton, N. J. 
Northern Plastics Corp., Second & Mar- 
ket, La Crosse 5, Wise. 
Photocircuits Corp., Glen Cove, N. 
RCA Electron Tube Div., Radio 4 of 
America, Harrison, N. J. 
Sanders Associates, Inc., Nashua, N. H. 
Sprague Plectric Co., 307 Marshall, North 
Adams, Mass 
United States Gasket Co., Plastics 
den 


Div 
4 ig Garlock Packing Co., Cam 1, 


CLAMPS and CLIPS, GROUND and 
TEST 
Burndy 


Conn 
Iisco Corp., Dept. F-4, 4730 Madison Rd., 
Cincinnati 27, Ohio 
Mueller Electric Co., 1583 E, 31st, Cleve- 
B., Battle 


land 14, Ohio 
28 Butler, 


Corp., Omaton Div., Norwalk, 


Sherman eeearing Co., H. 
Creek, Mich 

Thomas & Betts Co., 
Elizabeth 1, N. J 


Inc., 


CLAMPS and CLIPS, SUPPORT 
Holub Industries, Inc., 445 Elm, Syca- 


Los Angeles 
Avondale Ave., 


4607 Alger, 


s 5256 N 
Chicago 30, Ill. 

CLEANING COMPOUNDS, METAL 

Zophar Mills, Inc., 112-130 26th, Brook- 
lyn 32. N. Y. 


CLIPS, SNAP. See Rings, 
Snap 


CLOTH, INSULATING. See Fabrics, 


sulating. 


Retainer and 
In- 


CLOTH TRACING. 
Film and Paper. 


CLUTCHES, ELECTRIC 


Autotronics Inc., Box 812, Rt. 1, 
sant, Mo. 

Cutier-Hammer, Inc., Paul Ave., 
Milwaukee 1, Wis 

Dings Brakes, Inc., 4713 W. 
Ave., Milwaukee 46, Wis 

Eaton Mfg. Co., Dynamatic Div., 
Fourteenth Ave., Kenosha, Wis. 

Fawick Airflex Div. Fawick Corp., 
Clinton Rd., Cleveland 11, Ohio 

Radio Condensor Co., Controls Div., 
den 3, N 

Stearns Electric Corp., 
Milwaukee 2, Wis. (Magnetic) 

Vickers Electric Div., Vickers, Inc., 1803 
St. Louis 3, Mo 

"Electric, Brake & Clutch Co. 

EM, Beloit, Wis. 


See Tracing Cloth, 


Floris- 
1264 St. 
Electric 
3307 
9919 
Cam- 


120 N. Broadway, 


Dept 


COAXIAL CABLE. See Wire and Cable, 
Insulated 


COIL CORES 
American 
Tenn 
Cambridge Thermionic © Mave ‘ 
\ve Cambridge 38, 
Cleveland Container oe 
Ave., Cleveland 2, Ohio 
Continental-Diamond Fibre. A 
T udd Co., Newark 13, 
Cosmo Plastics Co., 3239 W. 

land 9. Qhio 

Ferroxcube Corp of 
Bridge, Saugerties, ‘. ; 

Gries Reproducer Corp., 149 Beechwood 
Ave., New Rochelle, N. Y 

Mycalex Corp. « America, Clifton Bivd., 
Clifton, N. J 

National Vulcanized Fibre Co., 
ton 99, Del 

Paramount Paper Tube Co. 
ette, Fort Wayne 2, Ind 

Radio Cores, Inc., 9540 Tulley Ave., 
Lawn, Ill 

Stackpole Carbon Co., St. 
(Screw-type, Molded Iron) 

United States Gasket Co.. Plastice Div of 
oe Packing Co., Camden 1, 


and FORMS 
Lava Corp., Chattanooga 5, 


453 Concord 
6201 Barberton 
Sub. of 
Del, 

14th, Cleve 


A merica, 510) COS. 


Wilming- 
612 Lafay- 
Oak 


Marys, Pa. 


COILS and WINDINGS 

Acme Wire Co., 1255 Dixwel) Ave., New 
Haven 14, Conn 

Anderson Controls, Inc., 
Rd., Des Plaines, Il 


777 Mennheim 


264 


—_ Development Co., 2836 18th <Ave., 
South Minneapolis 7, inn 

Caledonia Electronics & Transformer Corp., 
Dept. EM-6, Caledonia, N. Y. 

Cambridge Thermionic Grp.» 453 Concord 
Ave., Cambridge 38, 

a af Electrie Co., 3549 ‘Addison, Chicago 
18, 


63 Pavilion Ave., 
"1264 St. 


Inc., 
e 
Cutler-Hammer, Inc., Paul Ave., 
Milwaukee 1, o 


Dano Electric “93 Main Winsted, 

Conn 

Delure Coils, Inc., 1300 First, Wabash, 

on yg 3424 Milwaukee Ave., 
Chicago 41, 

General Flectrie o,. Apparatus Sales 
Div., Schenectady 5 , 4 

Gries “Reproducer Corp, “149° Beechwood 
Ave., New Rochelle, Y. 

Ilsco Corp. , Dept. F-4, oF 30 Madison Rd., 
Cincinnati 3, Ohio 

Nothelfer Winding Laboratories, P. O 
Box 455, Dept. EM-6, Trenton 3, N. J 

RCA Electron Tube Div., Radio Corp. of 
America, Harrison, N. 

Standard Electrical Products Co., 2240 E. 
Third, Dayton 3. io 

Ther Electric & Machine Works, 11A 8 
Jefferson, Chicago 6, Ill. 


COIL WINDING MACHINES 
Bosechs Manufacturing Co., Inc., Danbury, 
Con 
Fort Ww ayne =, Die & Pa Co., 
1025 Goshen Rd., Fort Wayne, Ind. 
Stevens Manufacturing Co. Inc., George, 
6022 gers Ave., Chicago 30, Ill. 
Univessal “Winding Ce., P. O. Box 1605, 

Providence 1, a 


COLD HEADED PARTS. Seo Fasteners 


COMMUTATORS 

—— Tec Corp., 
J. 

Kirkwood Commutator 


130th, Cleveland 11, Ohio 
Midwest Molding & Mfg, Co., 


South Hackensack, 
4855 W. 
Gurnee 96, 
1759 W 


ing . 


Nippert Electric Products Co., 
Mound, Columbus 23, Ohio 
Commutator Co., South 
Owosso, Mich. 
Westinghouse Electric Corp., 
ter, Bidg. No. 3, 401 
Pittsburgh 22, Pa. 


COMMUTATOR SAWS and SLOTTERS 
Golub Industries, Inc., 445 Elm, Syca- 


more. Ill 
Ideal Industries, Inc., 1008-G Park Ave., 


Sycamore, Ill. 


Chestnut, 


Gateway Cen- 
Liberty Ave., 


COMPARATORS, OPTICAL 

Bausch & Lomb Optical Co., 84717 St. 
Paul. Rochester 2, N. Y. 

Opto-Metrie Tools, 137EM Varick, 
New York 13, N. 


COMPOUNDS, SEALING. See Cement, 
Insulating and Sealing; also Waxes and 
Compounds. 


COMPOUNDS, VARNISH. See Varnishes. 
Compounds and Resins, Insulating. 


COMPUTER COMPONENTS 
—— Products Co., Fort Lauderdale. 


Erie Electro- nischontae’ Div., Erie Resis- 
tor Corp., Erie 6, Pa. 

Instruments Scent. 6000 
Lemmon Ave., Dallas 9, Texas 


CONDENSERS. See Capacitors. 


CONDUIT FITTINGS 
Buchanan Electrical Products 
oute 22. Hillside. N 
Crouse-Hinds Co., Syracuse 1, N. Y. 


Corp.. 


CONNECTORS, PRINTED CIRCUIT 
naan Electronics Corp., 1830 8S. 54th 
ve., Chicago 50, Ill. 


CONNECTORS, WIRE and CABLE 

AMP Incorporated, 5284 Eisenhower Blvd.. 
Harrisburg. Pa. 

American Brass Co., Waterbury 20, Con 

Amphenol Electronics Corp., 1830 S. 54th 
Ave., Chicago I 

Buchanan Electrical 225 Route 
22. Hills = N. 

Omaton 


Products, 


Div., Norwalk, 


Electric Co., Dept. 500, 3209 
“Humboldt, Los Angeles 31, Calif. 

Crouse-Hinds Co., Syracuse 1, N 

Genera! Electric Co., eateueioen 
terials Div., Bridgeport 2. 

Holub Industries, Inc., 445 Elm. " Syca- 
more, Til. 

Hubbell, Inc.. Harvey, Bridgeport 2, Conn. 

Ideal Industries, Inc., 1008-G Park Ave., 
Sycamore Iii. 

Iiseco Corp., Dept. F-4. 
Rd., Cincinnati 27, 0 

Johns-Manville, Dutch 
7800 Woodlawn Ave.. 

Johnson Co, E. F. tay Second Ave., 
S. W., Waseca, Min 

Krueger & Hudepohl, Toss Evans, Cin- 
cinnati 4. Ohio. 

Microdot, Inc., 220 Pasadena Ave., So. 

._ Calif 
Manufacturing Co., H B., 

Battle Creek, Mich 

Switchcraft, -., 5539 N. 
Chicago 30, 

Thomas & Betts Co., 
Flizaheth 1, N. J 


Ma- 


4730 Madison 


0. 
Brand Products, 
Chicago 19. Tl 


Elston Ave., 


Inc., 28 Butler, 


CONTACTORS, MAGNETIC. See Relays 
and Contactors, 

CONTACTS and CONTACT POINTS 

Brainin Co., C. S., 318 Washington, Mt. 
Vernon, N. m 

Engelhard Industries, Inc., 
Platinum & Silver Div., 231 N. Rail- 

ve., Newark N. J. 


roa . 
Engelhard Industries. Inc., Chemical =. 
& Bal z! a Div., 113 Ast 


American 
J. 


Newark 
Engelhard Aindustfie, Inc.. H. 
Div., 2655 U.S. Rte. 22. Union. N. J. 
Panstecl Motalluraieet Corp., North Chi- 
cag 


Generai Plate Div., Metals and Controls 
orp., 1907 Forest, Attleboro, Mass. 
Gibeon Electric Co., Old Wm. Penn High- 
way, Delmont, Pa. 
Mallory & Co., Inc., 
6. Ind. 
Stackpole Carbon Co., 
Thomson Mfg. Co., 
Waltham 54, Mas 
Ulanet Co., George. 
N. J. 


N. 


P, R., Indianapolis 


Marys, Pa. 
iudson L., Dept. D.. 


*420 Market, Newark. 
oqnraees. CARBON. 
Graphi 


CONTACTS, HEATER PLUG and TAP 
Heyman Mfg. Co., Kenilworth 1, N. J. 


See Carbon and 


conv aumecs. PACKAGING and 
Mason Box Co., Dept. Bl, Attleboro Falls. 
Mass. 


CONTOUR PROJECTORS 
Bausch & Lomb Optical 
Paul. Rochester 
Opto- Metric Tools, 
New York 13, N. 


Co., 84717 St. 


“Ine. ‘187EM Varick, 


CONTRACT MANUFACTURING 

Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., W aterbury 20, Conn. 

Curtis Development & Mfg. Co., 3266 N. 
33rd, Milwaukee 16, Wis. 

Kirk and Blum Manufacturing Co.. 3122 
Forrer, Cincinnati 9, io. 

aerhie- Korff Gear Co., 211 N. 

A Div. of 


icago 
1434 N. 


Morgan, 


General 
Goodman, 


Stromberg- 3 yl 
Dynamics Corp., 
Rochester 21, N. 

CONTROLLERS, 

— aang ti 


MOTOR 


1316 8S. Second. Mil- 

asee- = ay by = Electric Co., 103 
Hawthorne, Hartford 6, Conn. 

Automatic Switch Co., 50-M Hanover Rd., 
Florham Park, N 

Clark Controller Co., 1146 E, 152nd, 
Cleveland 10, io 

Crouse-Hinds Co., Syracuse 1, N. Y. 

Cutler-Hammer Inc., 1264 St. Paul Ave.. 
Milwaukee 1, Wis. 

Electro Products Laboratories Inc., 4501 
N. Ravenswood Ave., Chicago 40, Ill. 

rinsite Instrument me.. 1000 E. Bound- 
ary Ave.. York, 

Furnas Electric Co.. “i024 McKee, Batavia, 


General Electric Co. Sales 
Div., Schenectady 5, } 
Hart Manufacturing Co.. 
Ave., Hartford 1. Conn. 
Square D Co., 4041 N 
waukee 12, Wis 
Vickers Electric Div., Vickers 
Locust, St. Louis 3, Mc 
Ward Leonard Electric Co.. 34 
Mt. Vernon, N. Y 


Apparatus 
211 Bartholomew 
Mil- 
1803 


South, 


Richards. 


Inc.. 


CONTROLLERS, POTENTIOMETER 

Weston Electrical Instrument Corp A 
sub. of Daystrom, Inc., 614 wrelinghey- 
sen Ave., Newark 

Wheelco Instruments Div., Barber-Colman 
0., 1403 Rock, Rockford, Ill. 


ae a FLOAT and LIQUID 
LEVEL. See Switches. 


CONTROLS PRESSURE and TEMPER- 
URE. See also Relays, Switches, 

Thermostats 

Allen-Bradley Co., Mil- 


1316 8S, Second, 


waukee 4. W 
Barber-Colman Co., 1803 Rock, Nockford 
Bourns Laboratories, P. 0. 

Riverside, Calif. 
Cutler-Hammer Inc., 

Milwaukee 1, Wis. 
G-V Controls, Inc., 

East Orange, N. J. 
General Electric Co., 

Div., Schenectady 5, } 
Hart Manufacturing o.. 

Ave.. Hartford 1. nn. 
Mercoid Corp., 4201 “Belmont 

cago 41, Ill. 
Robertshaw-Fulton Controls Co., 

Div.. Columbus 16, Ohio 
Spencer Div., Metals & Controls 

3607 Forest, Attleboro, Mass 
Square D Cx ay N. Richards, 

kee 12 ; 

Weston Electrical A 
sub, of Daystrom Inc., 614 Frelinghuy- 
sen Ave., Newark 5, N. 

—— Instruments Diy., Barber-Colman 

1403 R Rockford, Ill 
white Rodgers, St, Louis 6, Mo. 

Wiegand Co., Edwin 7530 Thomas 
Bivd., Pittsburgh 8, P. 


Box 2112 
1264 St. Paul Ave 
8 Hollywood Plaza 
Apparatus Sales 
211 Bartholomew 
Ave., Chi- 

Acro 
Corp., 
Milwau- 


Instrument Corp. 


CONTROLS, REMOTE. See Push Button 
Stations; Relays and Contactors; 
Switches. 


CONTROLS, SERVO. See Servomechs- 
nisms. 


COPPER. See Brass, Brenze and Copper. 


COPPER, BERYLLIUM. See Beryllium 
Copper. 


CORD and TWINE, ARMATURE and 
COIL 


Insulation Manufacturers Corp., 565 W 
Washington Bivd., Chicago 6, Ill. 

Varflex Corp., 504 W. Court, Rome. N. Y 

Westinghouse Electric P Gateway 
Center, Bldg. No. 3, 401 berty Ave.. 
Pittsburgh 22, Pa. 


CORD. INSULATED. 
Cable, Insulated. 


CORD, RESISTANCE LINE. See Resist- 
ance Line Cords. 


See Wire and 


CORD SETS 
Belden Manufacturing Co., 
Buren, oteage 44, Tl. 
Cirele F Mfg. 
Cornish Wire _ 


4633 W. 


Trenton 4, N. J. 
Inc., 50 Church, New 


Van 


ork 7. N. Y. 

Cords Ltd. Div., 
Dodge, DeKalb, 

General Electric Co., Cepstenetien Mate- 
rials Div., Bridgeport 2, 

Phalo Plastics Corp., Commerciai & Fos- 
ter, Worcester 8, Mass. 

Royal Electric Corp., Pawtucket, R. I. 

Westinghouse Electric oe Gateway 
Center, Bidg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 


CORES, POWDERED METAL. See Cores, 
Transformer; Powdered Metal Products 


Essex Wire Corp., 121 
1. 


CORES, REFRACTORY. 


CORES, TRANSFORMER 
Acme | om Corp., 356 Water, 


American Lava Chattanooga 5 
enn 

Arnold Engineering Co., Marengo, Ii. 
General Ceramics Corp., Keasby, N. J 
Indiana Steel Products Co., Valparaiso 


See Ceramics 


Cuba 
Corp., 


nd 
Mannetie Metals Co., Hayes Ave. at 21st, 
P| 


Camden 1, N. 
Magnetics, Inc., Box 391 Butler, Pa. 
Radio nm. Inc., 9540 Tulley Ave., Oak 
wn, 1. 
Stackpole Carbon Co., St. Marys 
Thomas & Skinner., Inc. 1114 E. 
Indianapolis 7. Ind. 
Westinghouse WPlectric 
Center, Bidg. No. 3, 
Pittsburgh 30, Pa, 


. Pa 
23rd 
Corp Gateway 
401 1 Liberty Ave 


COUNTERS. See also Instruments, 
tronic; Relays. 

Berkeley Div. of Beckman 
Inc., 2200 Wright Ave., 


Elec - 


Instruments 
Richmond 3, 


Danbury 


Calif. 
Boesch Manufacturing Co., Inc., 
Conn. 


Eagle Signal Corp., 202 20th, Moline, TIl 
Kellogg Switchboard and Supply Co 
6650 8. Cicero Ave., Chicago 38, II! 
Production Instruments, Div. of General 
Controls Co., 8074 McCormick Blvd 
Skokie, Ill 
Veeder-Root, Hartford 2 


Inc., . Conn 


COUPLINGS, CLUTCH. See Clutches 


COUPLINGS, FLEXIBLE 
Saton Mfg. Co.,Dynamatice Div., 3397 
Fourteenth Ave., Kenosha, Wis 

Lovejoy Flexible Coupling Co., 
Lake, Chicago 44, Ill. 


4802 W 


CRYSTAL DIODES. See Rectifiers 
conductor; Transistors and 
Diodes. 


Semi 
Crystal 


CRYSTALS, QUARTZ 
RCA Electron Tube Div 
of America, Harrison, N. 


Radio Corp 

J. 

CUTTING TOOLS 

Handicraft Tools, Inc., A div. of X-Act 
ne., -41L Van Dam, Long Island 
City 1, N. Y. 

DELAY LINES. See 
nents, 


Computer Compc 


DIAL LIGHT ASSEMBLIES. 
Pilot and Indicator. 


See Lights 


DIALS and PANELS 

Helipot Corp., Div, of Beckman 
ments, Inc., P.O. Box 458, 
Beach, Calif. 


Instru 


Newport 


DIE CASTINGS. See Castings, Die 
DIELECTRIC HEATING UNITS. 
High Frequency Heating Units, 


See 


DIE-SETTING TOOLS 
Wale sprinnts Co., 222 Buell Rd., Akron 


DIES, PRECISION, LAMINATION ETC. 
Cleveland tos 74. Die Co., 1620 Eddy 
d 0 
Wm, P., 424 St. 
4 


Stein ° 7 

Paul, N. 
Sylvania Products, 1740 
Broadway, od York 19, 


Ine., 
N. Y, 
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PERFORMANCE PROVEN 
--e- FOR OVER 25 YEARS 


chil RESISTORS 
RHEOSTATS 


H-H Long-Life Resistors 


Blue Ribbon Resistors 


Rugged blue ribbon resis- 


tors provide higher watt- TYPE A RHEOSTATS (25 Watts) 


age ratings per unit, save 
space and weight. Con- 
struction features high 
temperature, vitreous 
enamel, crazeless coating 
for maximum moisture re- 
sistance. Aluminum thru- 
bar distributes heat uni- 
formly. Corrosion resistant 
and vibration-proof. 


Functions smoothly under 
the most adverse condi- 
tions. Terminals of strong, 
corrosion resistant alloy, 
are permanently welded 
to winding form. Wound 
ring is made an integral 
part of the refractory base 
by vitreous enamel. Shafts 
are insulated. Three ter- 
minals permit use as po- 
tentiometer or rheostat. 


TYPE AM RHEOSTATS (25 Watts) 


Gray Line Resistors 


These dependable resis- 


tors feature high tempera- 

ture gray enamel coating 

and stronger core for " 
CG 


extra dependability under 
the most extreme operat- 
ing conditions. All wire 
connections on H-H Long 
Life Resistors feature all 
welded construction. The TYPE AMS RHE 


fixed, ferrule and adjust- : 
able types meet MIL-R-26 4 
specifications. 


Hardwick Hindle quality components offer circuit 
designers and engineers exclusive electrical and 
mechanical features. These design “plus” factors 
provide complete dependability where severe 
operating environments are encountered in 
commercial or military service. Complete data 

on H-H Rheostats and Resistors is available on 
request. Call or write for illustrated resistor 

land rheostat catalogs today! 

Standard stock items available for 

immediate delivery from authorized 

local electronic parts distributors. 


Featuring porcelain-vitre- 
ous enamel construction, 
Type AM rheostats are ex- 
ceptionally rugged, com- 
pact and possess excellent 
heat dissipating character- 
istics. Resistive element 
is wound on a flat, pure 
mica form, placed within 
a refractory base and com- 
pletely embedded in vitre- 
ous enamel. 


OSTATS (25 Watts) 


This type Hardwick Hindle 
Rheostat includes all the 
electrical and mechanical 
advantages featured in the 
Type AM with lug termin- 
als. However, Type AMS 
Rheostats incorporate 
screw type terminals. 


High temperature enamel 
affords maximum safety 
under overloading. H-H 
bus-bar construction pro- 
vides ample resistance, 
ample safety under maxi- 
mum current require- 
ments. Constant pressure 
contact arm provides trou- 
ble-free operation. 


The Mark of Quality: Since 1924 40 HERMON ST., NEWARK 5, N.J., U.S.A 
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Twi Cit Die asting ‘ 33rd.  & 
ee Aves., 3S. E., Minneapolis, 
Minn 


DIODES. See Rectifiers, Semiconductor; 
Transistors and Crystal Diodes. 


ae t= A +. rte and 
MATER 
Fils rt ¢ aa River, N. Y 
Keu tel & ‘Es J Hoboken, N. J, 
A Div of Cue Aniline & 
Film Corp., Johnson Ci N. Y. 


DRAFTING REPRODUCTION 
MACHINES 

Ozalid, A Div. of General Aniline & Film 
Corp., Johnson City, N. Y 


a. ELECTRONIC. See also Speed 
Reducers and Drives 
macs Mfg. Co., Dynamatie Div., 3307 
Fourteenth Ave., Kenosha, Wis. 
Genera] Electric Co Apparatus Sales 
Div., Schenectady 5, N. Y. 

Reliance Electric & Engineering Co., 
Dept 276-A, Cleveland 17, Ohio 
Servospeed Co., Div. of Electro-Devices, 
Inc 4 Godwin Ave., Paterson, N, 
Westinghouse Electric’ Corp., Gateway 
Center, Bidg. No. 3, 401 Liberty Ave., 

Pittsburgh 30, Pa. 


DUCTS, WIRING (Control! Panel) 
Spaulding Fibre Co., Inc., Tonawanda 


Taylor lectric, Inc., 15406 Dale, Detroit 
23, ich 


DUPLICATING MACHINES, DIELESS 
See Benders, Brake and Shears. 


DYNAMOMETERS 

Chatillon & Sons, John, 85 Cliff, New 
York 38, N. Y. 

Eaton Mfg. ‘Co., Dynamatic ig 33: 
Fourteenth Ave., Kenosha, 

General Electric ‘Co., ‘Apparesas” Sales 
Div., Schenectady 5. 

Robbins & Myers, Inc., Springfield, Ohio 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 22, Pa 


ELECTRICAL SHEETS. See Steel, Elec- 
trical 


ELECTRONIC COMPONENTS. See spe- 
cific headings, 


ELECTRONIC TUBE COMPONENTS. 

(Bases, Caps, Lead-in Wires, Stamp- 
Welds, Ete.) 

American Lava Corp., Chattanooga 5, 

Tenn 


ENAMELING SHEETS. See Steel. Com- 
mercial Forms and Grades. 


ENAMELS. See Lacquers, Eni 
Paints and Varnishes, Finishing. 


EYELETS and GROMMETS 

Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20, 
Conn 

United States Gasket Co., Plastics Div. 
4 a Garlock Packing Co., Camden 1. 


FABRICS, INSULATING, (Sheets, Tapes, 
Yarns, Thread, Cord, Ete.) 

Glass Fiber, Varnished Cambric, Cotton, 
Linen, Silk, Asbestos, etc. See also 
Tape and Sheeting, Synthetic Resin, 
Tubing and Sleeving, Braided Fabric. 
Acme Wire Co., oes Dixwell Ave., New 
Haven 14, Con 

Bentley, Harris "Mtg. Co., 200 Barclay 
Conshohocken 2, Pa, 

Omeae: Diamond Fibre, A Sub. of 
The Budd Co., Newark 13, Del. 

Cottrell —, Co., Inc., 88 Purchase, Fall 
River, Mass. 

General Electric Co., - "pcre Products 
Dept., Coshocton, 

Gudebrod Bros. Silk .. Inc., 12 8S. 12th, 
Philadelphia 7, Pa. 

Insulation Manufacturers One. 565 W. 
Washington Bivd., Chicago 6, Ill 

Irvington Div., Minnesota Mining & 
Manufacturing Co., 9 Argyle Terrace, 
Irvington 11, N. J. 

dohme- Manville, Box 14, New York 16, 

¥ 


me -, Manville, Dutch Brand Products, 
7800 Woodlawn Ave., Chicago 19, Il. 

Minnesota Mining & Mfg. Co., Electrical 
Products Div., 900 Fauquier Ave., St. 
Paul 6, Minn. 

Natvar Corp., 207 Randolph Ave., Wood- 
bridge, N. J. 

New Jersey Wood Finishing Co., Flec- 
ariel Insulation Dept., Woodbridge. 


Varflex Corp., 504 W Come Rome, N. ¥ 

Westinghouse Electri Corp., Gateway 
Center, Bidg. No : 401 Liberty Ave., 
Pittsburgh 30, 


FANS and BLOWERS 
Air-Marine Motors, Inc., ggg Y. 
Ashland aor Produc Ine., 4 -02 
Queens Bivd., Long Tsland City 1, N. Y. 
Manufacturing Co., Electrical Div. 
e Singer Manufacturing Co., Som- 

erville, N. J. 

Emerson Electric Mfg. Ce., St, Louis 21, 


Mo. 
Globe Industries, Inc., Dayton 4, Ohio 


Heinze Electric Co., 685 Lawrence, Low 
ell, Mass 
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Lau Blower Co., 2027 Home Ave., Day- 
ton 7, Ohio 

Revcor, 251 Edwards, Carpentersville, III 

Robbins & Myers, Inc., Propeller Div., 
Springfield, Ohio 

Rotron Mfg. €o., Inc., Woodstock, N. Y. 

Torrington Manufacturing Co., Torring 
ton, Conn 


FASTENERS (Bolts and Nuts; Leck and 

ap Assemblies; Pins; Pre-assembled 

Washers and Screws; Recessed Head 
Screws; Rivets; Screws; Washers.) 


Bolts and Nuts 


Machine Bolts and Nuts (A) 

Stove Bolts (B 

Self-Locking Nuts (C) 

aa Meta! Lock Spring Assembly Nuts 
) 


Screw Thread Inserts (E) 

Cold Headed and Rolled Threaded Pins, 
Studs and Special Parts (F) 

Captive Nuts H 

Cap Nuts (G) 

Spade Bolts (S) 

Welding Nuts _(Clinch-on) 

Wing Nuts (W) 


Aluminum Co. of America 
I . Pittsburgh 19, Pa. r 
Atlas Screw & Specialty (« 150 Broome 
York 13, N. ¥ ABCDEFGS 
Co., Socket Screw Div.. Water- 
20, Conn. (A) 
Corp., Omaton Div., Norwalk, 


n 

Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp.. Waterbury 20. Conn 
ABCF) 


Continental Screw Co.. New Bedford. 
ass. (AB) 

Delron Co Inc 5224 Southern Ave 
South Gate, Calif (At 

Elastic Stop Nut Corp. of America, Dept. 
R37-622, 2330 Vauxhall Rd Union 
N. J. (ACDEN) 

Fischer Special Manufacturing Co.. 446 
Morgan, Cincinnati 6, Ohio (AG) 

Gries Reproducer Corp., 149 Beechwood 
Ave.. New Rochelle, N. Y. (GV 

Groov-Pin Corp 1128 Hendricks Cause- 
way, Ridgefield Park, N. J. (E) 

Hassall, Inc. Jom, P. O. Box 2225. West- 
bury, L. i., Y. (F) 

Keystone Bolt & “Nut Corp., 127 Church, 
New York 7, N. Y. (AB) 

MacLean-Fogg Lock Nut Co., 5535 N 
Wolcott, Chicago 40, Til. (C) 

Milford a & Machine Co.. Milford 
Conn. ( 

National C ’ Malae n 48 H 

National Lock Co., Rockford. “Til, (A) 

Nutt-Shel, 811 Airway, Glendale Calif 
(CG) 

Palnut Co., Sub. of United-Carr Fastener 
Corp., 66 Glen Rd., Mountainside. N. J 


(C) 

Parker-Kalon Div., General American 
Transportation Corp., Entin Rd., Clif- 
ton. N. J. (AB) 

Russell, Burdsall & Wang we aan Nut 
Co., Port Chester Y *) 

Thompson-Bremer & i fub- , ae 
Machine & Foundry Co., 221 N. LaSalle. 
Chicago 1, (C) 

Tinnerman Products, .. P. O. Box 6688, 
Cleveland 1, Ohio (D) 

United-Carr Fastener Corp, Cambridge 
2. Mass. (AC » 

Wenco Mfg. Co.. 1136 W. Hubbard, Chi- 
cago 22, Ill. (8) 


Lock and Snap Assemblies. (Door Panel. 
Shelf Support and Mounting, etc.) 


Camloc Fastener Corp., 22 Spring Valley 
Rd., Paramus, N. J. 

Simmons Fastener Corp.. 1752 N. Broad- 
way, Albany 1, N. Y. 


Pins — Cotter (F); Locking and Taper 
(G); Spiral Coil (M) 


Atlas Screw & Specialty Cx 450 Broome 
New York 13, N. Y. (FG) 

Chase Brass & Copper Co.. Sub. of Ken- 
necott Copper Corp., Waterbury 20, 
Conn. 

Elastic Stop Nut Corp. of America, pe. 
R37-62 2330 Vauxhall Rd., Uni 
N. J (@) 

Sroov-Pin Corp., 1128 esi , Cause- 
way, Ridgenield Park, N. J. 


Pre-Assembled Washers and Screws 

Atlas Screw & Specialty Co., 450 Broome, 
New York 13, N 

Continental Screw Co., New Bedford, Mass. 

National Lock Co., Rockford. 

Thompson-Bremer & Co Sib. ‘American 
Machine & Foundry Co., 520 N. Dear- 
porn, Chicago 10, Ill. 

eg —_ Fastener Corp., Cambridge 


Recessed Head Screws 

Atlas Screw & Specialty Co., 450 Broome 
New York 13. N. Y¥ 

nee &.. Socket Screw Div., Waterbury 


Chase Brass & Copper Co., Sub. of Kenne- 
cott Copper Corp., W: aterbury 20, Conn 

Continental Screw Co., New Bedford Mass. 

Elco Tool & Screw Corp., Rockford. Ill. 

Keystone Bolt 7 Nut Corp., 127 Church, 
New York 

— Rivet x Machine Co., Milford 


National Lock Co., Rockford, Tl. 

Parker-Kalon Div., General American 

Transportation Corp., Entin Rd., Clif- 
N. J 


ton, 

Russell, Burdsall & Ward Bolt and Nut 
Co.. Port Chester, N 

Standard Screw Co., 2701 Washington 
Bivd., Bellwood, Tl 


4, I 
Keystone a Ah 


Serews—Cap and Set, } 


Bristol Co., Socket Screw Div., 


Cc hase siraes & Copper Cx 


Keystone Bolt & ee 


& Ward Bolt and Nut 
Y 


& Manufa turing Co., 


United-Carr Fastener Corp., 
2 J) 


; Lock and Spring (L) 


Auburn eh at Co., 


n, 
Chase Brass & Copper Co. 


Sub. of U nited- Carr Fastener 
J. 


note Bremer ‘& o., Su 
Machine and Foundry Co 


United-Carr Fastener Corp., 


FIBRE, PHENOLIC. See Plastics—Mold- 
i i Casting and Extrusion 


Continental- poms Fibre, 


6, 
National Vulcanized Fibre Co. 
el. 


Pa 
wg Pulp and Pa aper Co., 
0 17 | A 


FILTER ELEMENTS, POWDERED 
METAL 


Radio Cores, Inc., 9540 Tulley Ave., Oak 
Lawn Ill, 


FILTERS, RADIO 

Audio Development Co., 2836 13th Ave., 
Minneapolis 7, Minn 

General gnats ‘o., Apparatus Sales 
Div., Schenectady 5, N. \. 

Mallory & Co., Inc., P. R., Indianapolis 
6, Ind 

Sprague Electric Co., 307 Marshall, North 
Adams 8 

Tobe Deutschm ann Corp., Norwood, Mass. 

United Transformer Co., 150 Varick, New 
York 13, N. Y. 


FINISHES, PRODUCT, See Lacquers, 
Enamels, Paints and ‘arnishes, Finish- 
ing. 


FLUORESCENT, LAMP AUXILIARIES 
Includes Adapters, Ballasts, Compensa- 
tors, Control Units, Starters and Trans- 
formers. For Resistors, see Resistors, 
Instrument and Radie; also Capacitors. 


Arrow-Hart & Hegeman 4 Co.. 103 
Hawthorne, Hartford 6, Con 
Culeago Standard Transformer CorD., 3501 
Chicago 18, 1. 
*F “Mfg. Co., ‘Trenton 4, N. J. 
General Electric Co., se eo Mate- 
rials Div., Bridgeport 2, 
Sola Electric Co., 4633 W. a Chicago 
50, Til 
Sprague Electric Co., 307 Marshall, North 
Adams, Mass. 
Sylvania Blectric Products, Inc., 1740 
Broadway, New Y R “ 
Westinghouse Electri Cor “Gateway 
Center, Bldg. No 3. 401 Liberty Ave., 
Pittsburgh 30, Pa. 


FOOT SWITCHES. See Switches, 


FORGINGS 

American Brass Co., Waterbury 20, Conn. 

Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20, 
Conn 


FREQUENCY METERS. See Instruments. 
FUSE HOLDERS, MOUNTINGS and 
CLIPS 


Burndy Corp., Omaton Div., Norwalk, 
Conn 
Bussmann as a McGraw-Edison Co., 


St. Auli 
Holub Industries, ‘Tne., 445 Elm, Sycamore, 


Ideal Industries, Inc., 1008-D Park Ave, 
Sycamore, IIl. 
Iisco Corp., Dept. F-4, 4730 Madison 
Rd., Cincinnati 27, Ohio 
Jones Div., Howard B., Cinch Mfg. Corp., 
Chicago 24, Ill 
Multi Electric Mfg. Co., 4227 W. Lake 
icago 24, Ill 
Sherman Manufacturing Co., H. B., Bat- 
tle Creek, Mich 
D Co., 6060 Rivard, Detroit 11, 
h 


Burndy Corp., Omaton Div., Norwalk, 
Conn 
Bussmann Mfg. Div., McGraw-Edison Co., 
Louis 7, Mo. 
Electric Co., Apparatus Sales 
., Schenectady 5, N. Y., 
Royal Electric Corp., Pawtucket, R. I. 
Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 8, 401 Liberty Ave., 
Pittsburgh 30, Pa, 


GAGES, TEMPERATURE, PRESSURE 
and VACUUM 
Weston Electrical Instrument Corp 

Sub, of Daystrom, Inc., 614 Freling- 
huysen Ave., Newark 5, N. 
Wheelco Instruments Div., Barber-Colman 
Co., 1403 Rock, Rockford, IIL. 


GALVANOMETERS. See Instruments 


GASKETS 

Auburn Menioatering Co., 306-I Stack, 
Middletown, Con 

Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Oorp., Waterbury 20 
Conn, 

Chicago Rawhide Manufacturing Co., 1279 
Elston Ave., Chicago 22, I 

Crane Packing Co., 6424 “Oakton, Morton 
Grove, Ill. 

Electro Tec Corp., South Hackensack, 


Johns- Manville, Box 14, New York 16, 
NY 


United States Gasket Co., Plastics Div 
of The Garlock Packing Co., Camden 1, 


t J. 
Western Felt Works, 4021-4139 Ogden 
Ave., Chicago 23, IIL. 


GEARMOTORS. See Motors. 


GEARS and PINIONS 

Amplex Div., Chrysler Corp., Detroit 31, 
Mich. 

Beaver Gear Works, Inc., 1085 Parmele, 
Rockford, Ill 


Continental- Diamond Fibre, A Sub. of 
The Budd Co., Newark 13, q 

Gear Specialties, Inc., 263: 5 W. Medill 
Ave., Chicago 47, Mii. 

—— "Reproducer Corp., 149 Beechwood 

, New Rochelle, N. Y. 

Morkie- Korff Sa Co., 211 N. Morgan, 
Chicago 7, Iil. 

Radio Conse, Inc., 9540 Tulley Ave., Oak 
Lawn, TIL 


ELECTRICAL MANUFACTURING 
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Magnetostriction of Nickel drives Deltime 
data storage unit. With these units some 
15 million bits of data could be handled in 
a 3x7x7 foot space, engineers estimate. 


Shock waves in Nickel «‘store”’ 
1500 tidbits of information 


MAMARONECK, N. Y.: Magnetostriction 
produces shock waves in Nickel that 
travel one foot in 63.24 micro-seconds. 
Deltime, Inc. uses this property of 
Nickel to build electronic delays. Their 
latest is a data storage unit that packs 
eleven 300-microsecond delay lines in a 
small space. Ten lines “store” 150 tid- 
bits of data each, the other “clocks.” 

Center rod of unit (shown with plas- 
tic cover to reveal detail) is structural. 
Nickel delay lines are concentrically 
located around rod. Diagram below 
shows schematic of a single line with 
associated pulses. 


Delay lines are Inco Electronic-Grade 
“A” Nickel, drawn fine and stranded to 
reduce eddy currents. Deltime engi- 
neers say Nickel combines large and 
efficient magnetostrictive response, 
minimum corrosion, excellent mechani- 
cal properties. Pertinent Literature: 
Inco Bulletin 127-B 
Circle 297 on page 17 





Five Nickel materials help push 


life of low cost timing relay 


above 100,000 contacts 


East ORANGE, N. J.: Low initial cost, 
reliability and long life are featured in 
a line of thermal relays (Red Line) 
now being made by G-V Controls, Inc. 
Relays are small, light, free of organic 
materials and glass. Units delay from 
0.1 sec. up to about 5 min. ... or sense 
sustained changes in voltage or cur- 
rent. Instant reset circuitry is possible. 
Rated contact life is 100,000 makes and 
breaks at full load (5 amps at 125 


Nickel provides important 
properties in 33 of 36 metal parts 





6 





HEATING AND COOLING 
CURVES FOR TWO THERMAL RELAYS 


NICKEL CHROMIUM 


Increasing temperature differential 


Decreasing contact gap, mi 


STAINLESS STEEL 


STAMLESS STEEL 


PERMAMICKE( 


STAINLESS STEEL 


WICKEL PLATE 











Cut-a-way of GV Red Line Timing Relay 
shows typical places Nickel-containing 
materials improve construction. 


volts, non-inductive AC). Points are an 
alloy of palladium-silver. 

Designers of the relays credit Nickel 
and alloys containing Nickel for many 
important design features. They state: 

“Electronic-Grade “A” Nickel in wire 
or ribbon form, used for 3 of the elec- 
trical conducting parts, is chosen for 
its combination of conductivity, ease of 
spot-welding, and resistance to oxida- 
tion. 

*Permanickel* age-hardenable elec- 
trically conductive nickel alloy is used 
for a spring which must not only retain 
its strength at elevated temperatures 
but must have good electrical conduc- 
tivity, too. 

“Type 304 Stainless Steel, a nickel- 
containing material, is used for 19 
structural parts. It was selected for 
corrosion resistance, for ability to spot- 
weld easily, for high and uniform ex- 
pansion with temperature change. It is 
this last characteristic which produces 
the basic action of relay. 

“Nichrome® V nickel-chromium alloy 
is used for heating-element windings 
which actuate the relay. This durable 
material was chosen for high resistiv- 
ity, for ability to withstand high tem- 
peratures, and for minimum resistance 
change with temperature—thus making 
relay operation independent of ambient 
temperature. 

“Eight parts made of alloys not con- 
taining Nickel are Nickel-plated for 
corrosion protection and appearance.” 
Pertinent Literature: Inco Bulletins 


T-15, 117-B 
Circle 298 on page 17 


®) Driver-Harris Co. 





Mercury “trap” of Nickel winterizes fluorescent tube electrodes 
... helps stop end-dulling in freezing weather 

NORWALK, CONN.: Cold winters can 

often pull the sales punch of fluorescent 

signs. That is why Voltare Tubes, Inc., 

now puts out an electrode that over- 

comes migration of mercury vapor 


"f 


4 


. 


New Everon Electrode . . . showing Nickel barriers 
thur control mercury in cut section of tube. 


4. 





from hot to cold parts of tubes in freez- 
ing weather ... stops dulling of light 
near tube ends. 

Trick is nickel barriers that trap 
liquid mercury but allow controlled re- 
lease of vapor to provide constant 
supply near electrode. 

Nickel (Electronic Grade “A’’) re- 
sists damage from amalgamation and 
proved just right for these barriers 
... is easily outgassed. Nickel in the 
form of a thin layer coated on iron 
strips is also used for electrode cones 
... for its good outgassing and emission. 


Pertinent Literature: Inco Bulletin 51-B 


Circle 299 on page 17 





Metal that helps you catch buyers 
helps you catch big fish, too. 


The sales-building good 
performance and long 
life conferred by Nickel 
and nickel alloys on 
electrical products are 
conferred on fishing 
tackle, too. To have fun 
and, at the same time, 
become better ac- 
quainted with these 
metals...send for, “How to Catch Fish 
When They’re Not Biting.” In this Inco 
booklet, experts show you tricks they 
use to land more big fish with nickel 
alloy tackle. Registered trademark 
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United States Graphite Co., 1621 Holland, 
Saginaw 8, Mic 

Westinghouse trie 
Center, Bidg. x 3, 401 
Pittsburgh 30, Pa. 


Gateway 
Aberty Ave., 


GENERATORS. See Moters. 


GENERATORS, ELECTRONIC 
Daven Co., Ave., 
Electric 

, Schenectady 5, 

Genera] Electric Co., Electronics 

Electronics Park, Syracuse 1, N. 

ard Industries, Inc., 1720 
Racine, Wis. 


Sales 
Div., 
State, 


“Apparatus 


GERMANIUM DIODES. See Rectifiers, 
— Transistors and Crystal 
s. 


GLASS-BONDED MICA 
Continental-Diamond Fibre, A S sex of 
The Budd Co., Newark i3, 

General Electric Co., Laminated Products 
Dept., Coshocton, lo 
Mycalex Corp. of America, Cliften Blvd., 

Clifton, N, J, 


GLASS-FIBER, YARNS, CLOTHS and 
TAPE. See Fabrics, Insulating. 


GLASS, TECHNICAL 


Hermaseal Co., 1010 Main, 


Elkhart, Ind. 
(Tubes) 


GOLD, ROLLED (Plate and Wire) 
Engelhard Industries, Ine., American 
Etatine & Silver Div., at N, J. 
Railroad Ave., Newark 5, N 
Engelhard Industries, Inc., ‘Chemical Div. 
& Baker Platinum Div., 113 Astor, 
Newark 5, N. J. 
Engelhard Industries, Inc., H. A. Wilson 
., 2655 U.S. Rte. 22, Union, N. J. 
General Plate Div., Metais & Controls 
Corp., 1907 Forest, Attleboro, Mass 
Handy & | me 82 Fulton, New York 
38, N. Y¥, 


GRAPHITE. See Carbon and Graphite. 
GREASE, BEARING 


Dow Corning Corp., 
(Silicone) 


Midland, Mich. 


GRIPS and CLAMPS, STRAIN RELIEF 

Heyman Mfg. Co., Kenilworth 1, N. J. 

Walker Co., George, 118 Amsterdam Ave., 
Bi 


Passaic, N. 
Weckesser Co., 5711 Northwest Highway, 


Chicago 30, IlL 


GYROS 


Kearfott Co., 1378 Main Ave., Clifton, 
N. J. 


HARDNESS TESTERS 


Opto-Metric Tools, Inc., 
New York, N, . 


137EM Varick, 


HARNESSES and ASSEMBLIES, WIRE 


Amphenol Electronics Corp., 1830 8. 54th 
Ave., Chicago 50, Ill. 
Belden Mfg. Co., 4633 W. Van Buren, 


Chicago 44, Il, 
—— , Co., 50 Church, New York 
1711 W. Hub- 


Mate- 


aN, “Manufacturing Co., 
bard, Chicago 22, Ill 

General Electric Co., Construction 
rials Div., Bridgeport 2, Con 

Phalo Plastics Corp., Commercial & 
Foster, Worcester 8, Mass 

Switchcraft, Inc., 5939 N. 
Chicago 30, Ill. 


“Elston Ave., 


HEADPHONES 
Automatic Electric Sales Corp., 
Tl 


and HEADSETS 
Northlake, 


General 
Rd., 


Stromberg-Carlson, A Div. of 
Dynamics Corp., 117 Carlson 
Rochester 3, N. Y. 


HEATING ELEMENTS and UNITS 


Anderson Controls, Inc., 2777 Mannheim 
Rd., DesPlaines, Il. 
Cutler-Hammer, Inc., 1264 St. Paul Ave., 
Milwaukee 1, Wis. 
Driver Co., Wilbur B., — McCarter 
ghway, Newark 
Electric Co., 
. Schenectady 5, } 
Still-Man Manufacturing Corr 429-83 E. 
164th, New York 56, N. Y¥. 
Vulean Electric Co., Danvers 2, Mas 
= Electric Mfg. Co., 1362 Ferguson 
, St. Louis 14, M 
Westinghouse Electric Corp.. Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa 
Wiegand Co., Edwin L. 7530 Thomas 
Bivd., Pittsburgh 8, Pa. 


‘Aeperetes Sales 


HEAT LIMITERS 
Bussmann Mfg. Div., McGraw-Edison Co., 
St. Louis 7, Mo. 


HERMETIC SEALS. See Seals and Ter- 
minals, Hermetic. 


HIGH-FREQUENCY HEATING UNITS 


Genera] Electric Co., en Sales 
Div., Schenectady 5, N. Y. 


268 


Semiconductor 


Radio Receptor Co., Inc., 
D Brooklyn 


xt. 240 Wythe Ave., 
Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 22, Pa. 


HIGH NICKEL ALLOYS. See Nickel and 
Nickel Alloys, 


HOLDERS, COMMUTATOR BRUSH 

so Molding & Mfg. Co., Gurnee 96, 

ae Corp. of America, Clifton Blvd., 
Clifton, N. J. (Glass-Bonded Mica) 


Phoenix Eleciric Miz. Co., 4211 W. Lake, 
Chicago 24, R 


IMMERSION HEATER 7a, 
Heating Elements and Uni 


See 


IMPREGNATING COMPOUNDS. See Ce- 
ment, Insulating and Sealing; Waxes 
and Compounds. 


INDUCTION HEATING. See High-Fre- 
quency Heating Units. 


INFRA-RED LAMPS. See Lamps, Incan- 
desesnt and Infra-red. 


INSTRUMENTS. ELECTRICAL MEAS- 
URING AND TESTING 

Ad-Yy Electronics Lab., Inc., 249 Ter- 
hune Ave., Passaic, N, J 

Chatillon &' Sons, John, 85 Cliff, New 


AR 4A 
., 536 W. Mt, Pleasant Ave., 

Route 10, Livingston, N. J. 
Electro Products Laboratories, Inc., 4501 
N. venswood Ave., Chicago 40, Ill. 
General Electric Co., Apparatus Sales 

iv., Schenectady 5, N._Y. 
Helipot Corp., Div. 

ments, Inc., P. O. 
Beach, Calif. 
Hennig, Gerhard R.. 
Valparaiso, Ind. 
Industrial Test Equipment 
llth, New York 3, N. 
National Pneumatic Co Ine., 
Cabot Div., 125 Amory, 

ass 
Phaostron Instrument 
151 Pasadena Ave., South Pasadena, 


Calif. 

Precision Aggeretee Ca a 2 70-31 84th, 
97 N 

0-44, 


‘of Beckman Instru- 
x 458, Newport 


157 S. Morgan Bivd., 


Co, 55 E. 


Holtzer- 
Boston 19, 


& Electronic Co., 


Glendale 
. of America, 
. 15-1, Camden, N. 

Texas Instruments Incorporated, 6000 Lem- 
mon Ave., Dallas 9, Texas. 

Westinghouse Electric Corp., Gateway 
Center, Bidg., No. 3, 401 Liberty Ave., 
Pittsburgh 22, Pa. 

Weston Electrical Instrument Corp A 
Sub. of Daystrom, Inc., 614 Freviing- 
huysen Ave., Newark 5, N. J. 

Wheeico Instrument Div., 
Co., 1403 


“Dept. 


Barber-Colman 
Rock, Rockford, Ill. 


INSTRUMENTS, ELECTRONIC. See also 
Oscilloscopes; Recorders, Oscillographic; 
Recorders, Magnetic. 

Berkeley, Div. of Beckman 

ne., 2200 Wright Ave., 


Instruments 
Richmond 3, 


of Clevite Corp., 


Calif 
Brush Instruments, Div. 
3405 Perkins Ave., Cleveland 14, Ohio 
Daven Co., 536 W = come aAve., 


Route 10, Livingston, 
Cc sonal Page Mill 


Hewlett-Packard 
Rd@., Palo Alto, Cal 
Apperatus Sales Div. 
55 E. 11th, 


General Electric Co., 

Schenectady 5. 
Industrial Test Equipment Co., 

“808 Western Ave., Glen- 

632 Tinton 

0-44, Bidg. 


‘ew York 
Tibrascope, 

175 Wyman, 
Palo 


Inc., 
jale 1, Cali 

Magnetic Amplifiers, 
Ave., New York 55, 

Radio Corp. of America, Dept. 
15-1, Camden, N 

Sanborn Co., Industrial Div., 
Waltham 54, Mass 

Varian Associates, 
Alto 23, Calif 

Weston Electrical Instrument Corp., 
sub. of Daystrom, Inc., 614 Sede 
sen Ave., Newark N. J, 


mer eumeNrTs. LABORATORY 
STANDA 


Inc., 


_ nt Div., 


John, 85 Cliff, New 

Products Laboratories, Inc., 4501 

venswood Ave., Chicago 40, Ill 

General Electric Co., Apparatus Sales 
Div., Schenectady 5, N 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 8, 401 Liberty Ave., 
Pittsburgh 22, Pa 

Weston Electrical Instrument Corp., A 
sub. of Daystrom. Inc., 614 Frelinghuy- 
sen Ave.. Newark 5 N. J. 

7 Instrument Dir Barber-Colman 
Co., 1403 Rock, Rockford, Ml. 


tities ry ae 
Yo N. ¥ 


Electro’ 


INSULATING MATERIALS. See folow- 
ing specific headings: 
Cement, Insulating and Sealing 
Ceramics 
Cork and Cork Compositions 
—. Insulating 


Tibre, Vuleontned 

Glass-Bonded ca 

Insulation, Wire and Cable 

Mica, Molded and Laminated 

Paper, Insulating 

Plastics, Molding, Laminating, Casting 
and Extrusion Compounds 

Plastics, Sheets, Rods and Tubes 

Rubber and Rubber Products 

Silicones 

Sleeving and Tape, Asbestos 

Tape and Sheeting, Synthetic Resin 


Tape, Friction and Splice 

Tubing and Sleeving, Braided Fabrie 

Tubing and Sleeving, Extruded Plastic 

Tubing, Paper 

Varnishes, Compounds and Resins, 
sulating 

Waxes and Compounds 


INSULATION, WIRE and CABLE 
(Ceramic and Synthetic) 
American Lava Corp., 
Tenn. 
Bakelite o.. Div. of Union a 7 gue. 
30 E. New York 17, N. 
, Midland,’ atten 


In- 


Chattanooga 5, 


& Co., (In ie 
*Poiychemlcals ‘Sak: 
Electric 
rials Div., Bridgeport 2, Con 
Oronite wy * So 200 Bush, 
Francisco 4, Cal 
Sprague Electric _ 307 Marshall, 
Adams, Mass. 


Construction Mate- 
San 
North 


IRONS, SOLDERING. 
Equipment, 


See Soldering 


ISOLATORS, VIBRATION and SHOCK 
See Mountings, Rubber and Synthetic 


JEWEL LIGHT ASSEMBLIES. 
Lights, Pilot and Indicator 


KNOBS, CAPS and HANDLES 


Davies Molding Co., Harry, 
Wells, Chicago 10, inl. 
Midwest Molding & Mfg. Co., 


8027 N. 


See 


1428 N. 
Gurnee 96, 
Monticello Ave., 


Rogan Brothers, 
Skokie, 1. 


LACQUERS. ENAMELS, PAINTS and 
VARNISHES, FINISHING 


Allied Research Products, Inc., 


4004-06 
E. Monument, Baltimore 5, Md, 

Aluminum Co. of manana Alcoa Bidg., 
Pittsburgh 19, 

Bakelite Co., Div. sy Uv a Carbide Corp.. 
30 E. 42nd, New York 17, 

Dow Corning Corp., Midland, Mich. 
(Silicone Resins and Varnishes). 

du Pont de Nemours & Co., =. I. 
Finishes Dept., Wilmington os. "Del. 

Sherwin-Williams Co., General Industrial 
Dir., Cleveland 1, Ohio 

LAMINATED METALS, PRECIOUS and 
BASE (Sheet, Tube and Wire) 

Brainin Co., , C, S., 320 Washington, Mt 
Vernon, 

Engelhard Inc., ei Div. 
é aker Platinum Div., 113 Astor, 
ewark 

Engelhard Industries. Inc.. H. A. Wilson 
Div U Rte, 22, Union, N. J 

General Pinte Div. Metais and Controls 
Corp., 1907 Forest, Attleboro, Mass 


Handy & german. 82 Fulton, New York 
38, N. 


LAMINATED PLASTICS. See Plastics 
LAMINATIONS, MOTOR and 
TRANSFORMER 

Magnetic Metals Co., 
2lst, Camden 1, N. 


Hayes Ave. at 


ox 391, Butler, Pa 
Inc., 1114 EB, 23rd, 
Indianapolis d. 


LAMPS, FLUORESCENT 


General be yy Co., Nela Park, Cleve- 
land 

Watlaites” ° whee tric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave.. 
Pittsburgh 30, Pa. 


LAMPS, INCANDESCENT and 
INFRA-RED 


General Piectric Co., Nela Park, Cleve- 
Ohio 


Wenthaahioans Electric Corp., Gateway 
Center, Bldg. No, 3, 401 Liberty Ave., 
Pittsburgh 30, Pa, 


LAMPS, MERCURY VAPOR 

General Electric Co., Nela Park, Cleve- 
land 12, Ohio 

Westinghouse Electric Corp.. Gateway 
Center, Bldg. No. 3, 401 Liberty Ave.. 
Pittsburgh 30, Pa 


LAMPS, MINIATURE 
eator) 

General Electric Co., 
Dept.. Nela Park, — 12, Ohio 

Westinghouse Plectri Gateway 
Center, Bldg. No Liberty Ave., 
Pittsburgh 30, Pa. 


(Pilot and Indi- 


Miniature y= 
cy on 


LAVA. See Ceramics 


LAYOUT FLUID 


Dykem Co., 2303F N. llth, St, Louis 6, 
Mo. 


LIGHTING FIXTURES 

Killark Electric Manufacturing Co., Van- 
mae and Easton Aves., St. Louis 13, 
fo. 


LIGHTS, PILOT and INDICATOR 
Arrow-Hart & —- Electric Co., 
awthorne, Hartford 6, n. 
500, 
Calif 


103 
Cannon Electric Coe 3209 
Humboldt, Los . 
Crouse-Hinds Co., 
ae] Corp., 


Dept. 
Angeles 31, 
Syracuse 1, N. Y. 

44 Stewart Ave., Brooklyn 


1711 W, Hub- 


37 
Drake , ae Co. 
Ill. 


bard, Chicago 22, 


General Electric Co., Miniature Lamp 
Dept., Neila Park, Cleveland 12, Ohio 
Hart Manufacturing Co., 211 Bartholomew 
Ave., Hartford 1, Conn, 

Hetherington Inc., 1200 Elmwood Ave., 
Sharon Hill a. 

Johnson Co., E. F., 2331 Second Ave., 
S.W., Waseca, Minn 

Square D Co., 4041 "N. Richards, Mil- 
waukee 12, Wis. 


LOCKNUTS and LOCK WASHERS. 


See Fasteners 


LUBRICANTS 
Shell Oil Co., 
N. ¥ 


50 W. 50th, New York 20, 


LUBRICATORS, OIL and GREASE 


Mfg. Co., 1846 8S, Kilbourn 
Madison-Kipp Corp., 214 Waubesa, Madi- 
son 10, Wis 


LUGS and TERMINALS 


AMP Incorporated, 5284 Eisenhower Blvd., 
Harrisburg, Pa, 

American Brass Co., Waterbury 20, Conn 

Buchanan Electrical Products Corp., 225 
Route 22, Hillside, N, 

Burndy Corp., Omaton Div., Norwalk, 
Conn 

Cambridge Thermionic Corp., 453 Concord 
Ave., Cambridge 38, 

Hart Manufacturing Co., 
Ave., Hartford 1 

Heyman Mfg. al 

Ilsco C 
Rd., Cincinnati 21, 

Johnson Co., E. F. 

s.W.. 


ass. 
211 Bartholomew 
, Conn. 
Kenilworth 1, N. J 
F- 4730 Madison 
Ohio 
2331 Second Ave., 
Waseca, Minn, 
Howard B. Cinch Mfg. Corp., 


Chicago 24, Ill 
Krueger & Hudepohl, 1043 Evans, Cin- 
4021 


Jones Div., 


cinnati 4, Ohio 

Malco Tool and Manufacturing Co., 
W. Lake, Chicago 2 1, 

Mycalex Corp. of America, Clifton Bilvd., 
Clifton, N. J, 

maren Co., 35 


Verona Ave., Newark 4 


Mama- 
Bat- 


610 Fayette Ave., 
a. B.. 
Inc., 28 


anime Corp., 
Tonec ¥. 


Sherman’ Manufacturing Co., 
tle Creek, Mich, 

Thomas & Betts Co. Butler, 
Elizabeth N. 

Thompson- Bremer & *o., 
Machine & Foundry Co., 
Salle, Chicago 1, Ill. 


Sub. Fd oe 
N. La- 


MACHINES. See specific headings: 
Balancing; Coil Winding; Drafting Re- 
production; Molding, Plastic; Rivet 
Setting; Screw Driving; Strippers. 
Wire; Vibration Test, 


MAGNETIC AMPLIFIERS 
Airpax Products Co., Fort Lauderdale, 


Div. of Beckman 
2200 Wright Ave., 


tai 1 

Control, Box 391, Butler, Pa. 

Fidelity Instrument ‘Corp., 
Boundary Ave., York, Pa 

General Electric Co., Apt aratus 
Di Schenectady 5, 

Kearfott Co., Inc., 1378 Main 
Clifton, N. 

Masaete Amplifiers, 
Ave., New York 5 

Vickers Electtic Dir. 
Locust, St. Louis 3 

Weetinghonee Electric 
Center, Bldg. No. 38, 
Pittsburgh 22, Pa 


Instruments, 
Richmond 3, 


Fla. 

Berkeley, 
1000 «iE 
Sales 
Ave., 
632 Tinton 


1803 


Pa 
Y 
N Vickers Inc., 
“5 
Gateway 
wr Liberty Ave., 


MAGNETIC BRAKES. See Brakes, 
netic. 


Mag- 


MAGNETIC MATERIALS. See Steel 
Electrical; Magnets, Permanent; Mag 
netic Recorder Components; Powdered 
Metal Products. 


MAGNETIC RECORDER COMPONENTS 
Driver Co., Wilbur B., 1875 McCarter 
Highway, Newark 4. N. J. 
Minnesota Miming & Mfg. Co., Electrica! 
Products Div., 900 Fauquier Ave., St 
Paul 6, Minn. (Tape) 
Stromberg-Carlson, A_ Div. 
Dynamics Corp., 117 
Rochester 3, N. Y. 


MAGNETS, PERMANENT 
Arnold Engineering Co., 
(Magnetic Alloy Cores) 
General Electric Co., Metallurgical Prod 

131 E. 8 Mile Ave., De- 


on 
Products Co., Valparaiso, 
1114 E, 28rd. 


of General 
Carlson Rd., 


Marengo. Ill 


— Steel 
nd, 


omas & Skinner Inc., 
Indianapolis 7, Ind. 


MAGNET WIRE. See Wire, Magnet 


MARKERS, IDENTIFICATION 
National Band & Tag Co., Dept, 


Newport 
ad Randolph Ave., 


9-254 
Natrar Corp., Wood- 
bridge, N, 


MATERIALS HANDLING EQUIPMENT 

Continental-Diamond Fibre, A Sub, of 
The Budd Co., Newark 13, D 

National Vulcanized Fibre Co., 
ton 99, Del. 


el. 
Wilming- 


ELECTRICAL MANUFACTURING 








whatever 
the insulating 


job... 


PERMACEL ELECTRICAL PRODUCTS 


PERMACEL- [EPAGE's INC. New Brunswick, N. J. 


TAPES + ADHESIVES + ELECTRONIC AND CHEMICAL MATERIALS 
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MOTORS 


_ Subfractional, Under 1/20 Hp. 


"Fractional, 1 20, 3 % Hp. 


_ Integral, 1 to 7% Hp. 


_ Integral, Over 1% Hp. 





” Gea rmotors 


Miniature Timing 1 Motors, Geared 


| Synch. 


| 





__Generators 





how Voltages (Under 110) 











Motors, 


Allis oo. The Louis, 
(KLNOQRUVYZ) 
Ashland blectric 
— Bivd., 


Air- aipetee Inc., Amityville, 
N (B) 


Milwaukee 7, Wis. 


Products, Ine., 32-02 
Long Island City i, N. ¥. 


Baldor. Electric Co., 4353 Duncan Ave., 
St. Louis 10, Mo. (FGKLN) 

Barber-( solmen Co.. 1803 Rock, Rockford, 
Il. (BCEYZ 

Bekey Blectric Co., Ine., 1327 Main, Los 
Angeles 15, Calif. 

ne Electric Co., 

cago 12, Iii. 

Brevel Products 
New York 1, N. A) 

Century Electric Co., 1806 Pine, St. Louis 
3, Mo. (FGKLNOPQRUVWYZ) 

Controls Co. of Soreng 
Ave., Schiller Park, Ill 


America, 9551 
Cramer Controls Corp., Box 8, Center- 
rook, Conn. (A) 
D_& R Ltd, 402 E. Gutierrez, P. O. 
Box 1500, Santa Barbara, Calif. (U) 
Dieh] Manufacturing Co., Electrical =. 
of The Singer Manufacturing Co., 
erville, N. J. (BCFHKNQV) — 
Doerr Electric Corp., 510 N. 4th Ave., 
Cedarburg Wis, (FGKL) 
Eaton Mfg. Co., Dynamatic Div., 3307 
Fourteenth Ave., Kenosha, Wis. (FKN) 
Electric Specialty Co., South, Stam- 
ford, Conn. (FGIKLMNOPUVWYZ) 
as ge Electric Mfg. Co., St. Louis 21, 
FGJIK QR) 


as Electric Co., 

Jiv., Schenectady 5 

{ BCDEFGHIJK LMNOPQRSTU VWYZ&) 

General Industries Co., Dept. GL, Blyria, 
Ohio (BQYZ) 

er Industries, Ohio 

, Princeton 


26th, 


Apparatus Sales 
N 


Inc., Dayton 4, 


Hansen Manufacturing Co., Inc. 
3, Ind. (ABCEVXYZ) 

Haydon Co., A W., 234 N. Eim, Water- 
bury 20, Conn. (CXZ) 

Haydon, Div. of General Time Corp., 
Elm, Torrington, Conn. (ABCXYZ) 

Heinze Electric Co., 685 Lawrence, Lowell, 
Mass. (BCD 

Helipot Corp., 
ments, Inc., 
Beech. Calif 


2530 


L) 
Div 
P, 


of Beckman _Instru- 
0. Box 458, Newport 


Holtzer-Cabot Rmospec ? Div., 
tic Co., 


National Pneu- 
, Boston 19, 


Inc. Sta 
Wis. (ABCDERGHQRTU vYZ5 
Induetion Motors Corp., 570 Main, West- 
bury, L. I., N. Y. (BE) 
Inland Motor Corp., Dept. B, =. w. 
Washington Ave., Pearl "River, N 
Jack & Heintz, inc., 17620 lites, 
Cleveland 1, Ohio (FK) 
Janette Electric Mfg. Se. 
I. (FGKLQRUV) 
Kearfott Co., Inc., 1378 ae Ave., 
ton, N (Servo) (UY 
Lamb Blectric Co., Kent, Ohio (BCDEF 
GHJQRSZ) 
Master Electric Co., Div. of Reliance Elec- 
tric and Engineering Co. oo 
TUVW 
2 N. Morgan 
(ABCDEFGHJQRST- 


YZ&) 

Molon Motor and Coil 2432 W 
George, Chicago 18, Ill. 

one Manufacturing Co., 

° cine Wis. 

Taste and Synchro) 

Rae Motor Corp., 2009 
Wis. (BCDFGHYZ&) 

—— Electric & eotaring 
Dep 76-A, Cleveland 17, 
(FOKLN ov ) 

Reuland Electric Co., Alhambra, Calif. 
(KNQ) 


Robbins & Myers, 
Springfield, Ohio 

Robertshaw-Fulton Controls Co., Acro 
Div., pg ty a Ohio (B) 

Smith Corp., Electric Motor Div., 
Tipp City, one. “(FGKL UNOQR) 

Sterling Electric Motors, Inc., 5 
graph Angeles 22, 
(FKNQ) 


Ther Electric & 7 Works, 
Jefferson, Chica 6, Tl 
Wagner Electric 


Morton Grove, 


Clift- 


Chicago ts Be 


Corp., 
(BE) 
John, Avionic 
(BCFGHUVY&) 


Kewanee, Racine, 


Co., 
Ohio 


Inc., Motor Div., 
(BCDEFGJKNU) 


401 Tele- 
Calif. 


11A 8. 


"i. 6454 Plymouth 
Ave., St. Louis 14, Mo. (FGKLNYZ) 
Westinghouse Electric Corp., Gateway 
Center, Bldg., No. 3, 401 Liberty Ave., 
a 22, Pa. (BCDEFGHJKLM- 
OPQRSZ&) 





MATERIALS HANDLING EQUIPMENT 
(Cont.) 


Robbins & Myers, Inc. 
Div., Springfield, Ohio 
Seemees Fibre Co., 


. Crane & Hoist 


Inc., Tonawanda, 


MERCURY RELAYS. See Relays. 
MERCURY SWITCHES. See Switches 


METALS, LAMINATED. See Laminated 
Metals, Precious and Base. 


METALS, PRECIOUS. See Gold; Lami- 
nated Metals; Platinum; Silver. 
METALS, RARE 


= Eoteeeins, Inc., H. A. Wileee 
U Rte. 22, Union, N. 
*Motallursical Corp., North 


cage 
- lory & Co., Inc., P. R., Indianapolis 
. Ind 


pena 


METERS, HOUR 
Haydon Div. of General Time Corp., 2530 
Elim, Torrington, Conn. 
Hobbs Corp., John W. Div. of Stewart- 
Warner Corp., 2078 Yale Bivd., Spring 
McCarter 


field, Til. 
Timer Corp., 1411 


Industrial 
Highway, Newark 4, N. J 


MICA, GLASS-BONDED. See Glass- 
Bonded Mica 


mre. MOLDED and LAMINATED 
, Plate, Tape, Tubes, Rings, 
a Washers, etc.) 
Continental-Diamond Fibre, A Sub. 
The Budd Co., Newark 13, Del. 
— Electric Co. o., Laminated Products 
io 


octon, 
maeaion Manufacturers Corp., 565 
Vashington Bivd., Chicago 6, Ill. 
Macallen Co., Rd., Newmarket, N. H. 


MICA UNDERCUTTERS 

Ideal Industries. Inc., 1008-D Park Ave., 
Sycamore, Ill. 

MICROPHONES 


American Microphone, Electronics Div., 
BPigin National Watch Co. e 370 8, Fair 
Oaks Ave., Pasadena, Calif 


General Plectric Co., Apparatus Sales 
Di nm. Y. 


v., Schenectady 1, } 
miopeecer ea. INSPECTION and 
MEASURIN 
Bausch & i. Optical 
Paul, Rochester 2, N. 
Opto-Metric Tools, Inc., 
New York 13, N. Y. 


Co., 84717 St. 
i37EM Varick. 


MOLDED INSULATION and MOLDED 
PRODUCTS. See Ceramics; Mica; Plas 
tics; Rubber. 


MOLDING MACHINES, PLASTIC 
sy poe Machine Co., Sub of 
ya ‘others, pa. 400 Midland 


‘Detroit 3. Mic 
Mais ‘Machinery Co., y443 Prospect Ave., 
Ohio 


Cleveland 15, 


MOLYBDENUM—(Sheet and Wire) See 
also Contacts. 


Fanstee] Metallurgical Corp., North Chi- 
., Inc., P. R., Indianapolis 


MOTOR BASES, ADJUSTABLE 


Lovejoy Fiexible Coupling Co., 
Take, Chicago 44, Ill, 


4802 W 


MOTOR CONTROLS and STARTERS. See 
Controllers, Motor; Push Button Sta- 
tio 


MOTOR GENERATOR SETS 
Kato Engineering Co., 128 Maxfield Ave., 
Mankato, Minn. 


MOTORS and GENERATORS. See Motors 
Table. 


MOUNTINGS, RUBBER and 
SYNTHETIC 

Johns- Manville, 
7800 Woodlawn 


Dutch 
Ave., 


Brand 
Chicago 19, 


Products, 
Ii. 


MOVEMENTS, CLOCK and TIMING 

Haydon Co., A. W., 234 North Elm, 

Waterbury 20, Conn 

Haydon Div. of General Time Corp., 2530 
Elm, Torrington, Conn 


NICKEL and NICKEL ALLOYS 
(Rod, Sheet, Tubing, Wire) 


American Brass Co., Waterbury 20, Conn. 


(Cupro-Nickel) 
Carpenter Steel 115 W. Bern, Read- 
Sub. of Ken- 


ing, Pa 
Chase Brass & Copper Co., 

Waterbury 20, 
McCarter 


Co., 


necott Copper Corp., 
Conn 
Driver Co, Wilbur B 
Highway, Newark 4 
Driver-Harris Co., Harrison. 'N, J, 
General Plate Div., Metals and Controls 
Corp., 1907 Forest, Attleboro, Mass 
International Nickel Co., Inc., 67 Wall 
New York 5, N. Y¥ 
Riverside-Alloy Metal Div., H, K. 
Co., Inc., Riverside, N. J 
Somers Brass Co., 
Ave., Waterbury, 


» 1875 


Porter 


Inc., 
Conn, 


110 Baldwin 


a SILVER 
Rod, Sheet, Tubing, Wire) 
Pia Brass Co., Waterbury 20, Conn 
Chase Brass & Copper Co., Sub. of Ken- 
—— Copper Corp., Waterbury 20, 


Riverside. Alloy Metal Div.. H. K. Porter 
Co., Inc., Riverside, N. J. 


NUTS. See Fasteners. 


OHMETERS. See Instruments. 
OILERS. See Lubricators, Oi] and Grease 


OSCILLATORS. See Instruments. 


OSCILLOSCOPES. See also Instruments. 
Electronic; Recorders, Oscillographic. 
General Electric Apparatus Sales 

Div., oS & # 

Hughes Electron Tube Div., 
International Airport Sta., Los Angeles 
45, Calif. 

RCA Electron Tube Div., 
of America, Harrison, N’ 

Weston Electrical Instrument Corp., eub 

aystrom, Inc., 614 ‘= 1 9 

Newark 5, N. J. 


 aemme o Corp 


Ave., 
PACKING. See Gaskets, 


PAINTS. See Lacquers, Enamels, Paints 


and Varnishes, Finishing 


PALLADIUM. 
inum Products. 


See Platinum and Plat 


PANEL CONTROL UNITS 

Allen- —y wg! — 1316 8. 
waukee 

Arrow-Hart a ‘Hegoman Electric Co., 
Hawthorne, Hartford 6, Conn. 

Clark Controller 1146 E. 
Cleveland 10 

Cutler- Hammer 
Milwaukee 1, 

—_ Signal Corp., 
ll 


Second, Mil- 
103 
152nd, 
1264 St, Paul Ave., 
202 20th, Moline, 1, 
Electric 
Jiv., Schenectady 5, } 
nnemene Electric Co., 99 Plum, Tren- 
> we 


-, 4041 
vis 


oaere Co., Apparatus Sales 


N. Richards, Mil- 


Electric Co., 34 South, 
a. 

Westinghouse Electric 
Center, Bldg. No. 
Pittsburgh 22, Pa. 
Wheelco Instruments Div., 
Co., 1403 Rock, 


“ Corp., Gateway 
3, 401 Liberty Ave., 


Barber-Colman 
Rockford, Ill, 


PANELS, DIAL. See Dials and Panels. 


PANELS, SHEET STEEL. 
Metal Fabricators. 


See Sheet 


PAPER INDUSTRIAL 

Cottrell Paper Co., Inc., 88 Purchase, 
Fall River, Mass 

Mosinee Paper Mills Co., Mosinee 

West Virginia Pulp and gt Co., 
Park Ave., New ork 17, N. 


Wis. 
230 


PAPER, INSULATING 
Acme Wire Co., ame DixweH Ave., 
Haven 14, Con 
Continental- Diamond Fibre, 
. Newark 13, Del 
Inc., 88 Purchase, 


New 
A Sub, of 


Plastics Dept., 


atur 
Insulation Manufacturers Corp., 565 W. 
Vashington Bilvd., Chicago 6, III. 
Irvington Div., Minnesota Mining & 
Manufacturing Co., 9 Argyle Terrace 
Irvington 11, N. J. 
i. a2 anville, Box 14, New York 16, 
Mosinee, Wis. 


Mosinee Paper Mills Co., 

National Vulcanized Fibre Co., Wilming- 
ton 99, Del, 

Natvar Corp., 207 Randolph Ave., Wood- 
bridge, N. 

Spaulding Fibre Co., Tonawanda, 


West Virginia Pulp and Par oe 230 
Park Ave., New York 1 


Inc., 


PAPER, PHOTOGRAPHIC 
REPRODUCTION 

Ozalid, A Div, of General. Aniline & 
Film Corp., Johnson City, N. Y. 

PAPER TRACING. See 
Film and Paper. 


Tracing Ctoth, 


PERMANENT MAGNETS. See Magnets 


Permanent 


vageraes BRONZE 
(Rod, eet, Tubing, Wire) 

American Brass Co., Waterbury 20, Conn 

Chase Brass & Copper Co., Sub, of Ker 
necott Copper Corp., Waterbury 20, Conn. 

Mallory & Co., Inc., P. R., Indianapolis 
6, Ind 

Miller Co 

Riverside 
Co., In 


Meriden, Conn 
Alloy Metal Div., H. K 
Riverside, N. J 


Porter 


PHOTOELECTRIC CELLS and TUBES 
General Electric Co 
7 Schenectady 5, 
electric Cells) 
General Electric Co., Flect 
Schenectady 5, N, 
tric Tubes 
International Rectifier 
Grand Ave El 
RCA Electron 
of America 
Vickers Electric 
Locust, St, 


Apparatus Sales 
N. Y, (Photo 
tronic S mponent 
Y. (Photoelec- 


Corp., 1521 E. 
Segunde, Calif 
Tube Div., Radio Corp 
Harrison, N. J. 

Div., Vickers Inc., 
Louis 3, Mo, 


180% 


PHOTOELECTRIC CONTROLS 

General Electric Co., Apparatus 
Div., ag! 5, N 

Mercoid Corp., 4201 Belmont Ave., Chicago 
41, Il 


Sales 


Westinghouse Electric Corp., Gateway Cen- 
ter, Bidg, No, 3, 401 Liberty Ave., 
Pittsburgh 30, Pa 

Weston Electrical Instrument Corp A 
sub. of Daystrom, Inc., 614 Prelingher- 

N. J. 


sen Ave., Newark 5, N. 


PILLOW BLOCKS. See Blocks, Pillow. 
PINS, COTTER 
Fasteners 


and LOCK. Se 


On COLD MOLDED and INOR- 
ANIC. See Ceramics. 


PLASTICS, MOLDERS, 
and FABRICATORS 
Ace Plastic Co., 91-64 bo Wyck Exxpress- 

way, Jamaica 35, N. 
— Insulator a New Freedom 


Anchor Plastics Co., 36-36 36th 
Long Island City 6, N. Y., 

Auburn Manufacturing Co., 306-1 Stack, 
Middletown, Conn. 

Barber-Colman Co., 1803 Rock, Rockford, 


Il 
Borden Co., gee Dept., 
Cali 


Molded Products Comp., 1024 
<olmar Ave., Chicago 51, Ill 
Continental-Diamend Fibre, A b. of The 
udd Co., Newark 13, Del 
Cosmo Plastics Co., 3239 W. 
land 9, Ohio. 
Crane Sains Co., 6424 Oakton, Morton 
Ill 


Grov' 
Davies “Molding Co., Harry, 1428 N 
Chicago 10, Ill 


Wells, . 
General Mectric Co., Plastics Dept 
149 Beechwood 
# 


EXTRUDERS 


Inc., 
Santa Bar- 


i4th, Clere- 


Decatur, Ill. 
Gries Reproducer Corp., 
Ave., New Rochelle, N. 
Irvington Div., Minnesota Mining & 
Manufacturing _ 9 Argyle Terrace, 


Irvington " 
Midwest Molding & Mfg. Co., Gurnee, 96. 


lL. 
National Vulcanized Fibre Co., Wilming- 


ton 99, Del. 
Natvar Corp., F als Randolph Ave., 
N, 
2nd & Market, 


Wood- 
bridge, » 

Northern jag * _ 

La Crosse 5, 
Plastics Commercial & 

Mass 
8027 N. Monticelto Ave., 
ll. 

Rostone Corp., 2405 8, Concord Rd., La- 

fayette, In 
Soqulding Fibre Co., 


Sylvania Electric Products, 
Broadway, New York 19, 
Synthane Corp., 17 River Ra., Oaks, 

Taylor Fibre Co., Norristown, 
United States Gasket Oo., Plastics’ Div. of 
ane Garlock Packing Co., Camden 


an Brothers, 
‘okie, 

Tonawanda 

1740 
Pa 


Ine., 


Inc., 


w i Electric Cup. Gateway Cen- 
ter, Bldg. No. 3, 401 Liberty Ave 
Pittsbutgh 30, Pa. 


PLAST Cee ING, LAMINATING, 
ASTING and EXTRUSION 
COMPOUNDS 
Alkyd Molding Compound 
Cellulose Acetate 
Cellulose Nitrate 
Dially] Phthalate 
Oxy sins 
Bthyl Cellulose (B) 
Flourocarbons (P) 
Melamine Formaldehyde (C) 
Methyl Methacrylate (D) 
Nylon 3 
Phenolics 
Plastisols, Vinyl 
Polyethylene 
Polyester Resins 
Silicone Resins 
Styrenes 
Urea Formaldehyde 
Vinyl Acetal 
Vinyl Alcohol 
Vinyl Chloride 
Viny!-Chloride- 
Vinylidenechleride 


(T) 
(A) 
(K) 
(X) 
(v) 


ELECTRICAL MANUFACTURING 





the growth 
of a giant... 


. . « Enjay Butyl rubber, a man-made giant molecule. 
Invented in 1937, first produced in 1943, Butyl went 
immediately to war, replacing natural rubber for the 
manufacture of inner tubes. 

Since the war, Butyl has been applied to many other 
exciting uses. Its wide variety of outstanding physical, 
chemical and dielectric properties give it a versatility 
unmatched by any other rubber, natural or synthetic. 
Today Butyl makes possible better quality automotive, 
electrical, industrial and domestic products. 

For a closer acquaintance with this remarkable 

young giant, contact the Enjay Company. A complete 


brochure is yours for the asking. 


BUTYL 





Akron Boston + Charlotte « Chicago + Detroit « Los Angeles + New Orleans + Tulsa 


rer rn. are Ensa) ENJAY COMPANY, INC., 15 West 51st Street, New York 19, N.Y. 


Circle 269 on page 17 





Vinyl Chloride ~ a (M) 
Vinylidene Chiori (N) 


American Cyanamid Co., Plastics and 

Resins Div., 33D Rockefeller Plaza, 

New York 20, is 

Atlas Powder Co., Div., 
Wilmington 99, Del 

Bakelite Co., Div. of Union Carbide Corp., 
30 E. 42nd. 1 New York 17, N. Y. 


Allied Cosmtenl and Dye 
. New York 6, vo 
Borden Co., Resinite Det. 


bara, Calif 

Dow Chemical Co., Midland, Mich, (F) 

Dow Corning Corp., Midland, Mich. (8) 

duPont deNemours & Co., ( » m By 
Plastics Div., Polychemicals Dept., 
Wilmington 98, Del. (ADGKLPR) 

Durez Plastics Div., Hooker Chemical 
Corp., 1307 Waick Rd, N. Tonawanda, 
N. Y¥. (B) (Casting Resins) 

Epoxy Products, Inc., A Div. of Joseph 
te a & Sons, 137 Coit, Irvington 

? J. (U) 

FMC Organic Chemicals Div. 
chinery and Chemical Corp. 
42nd, New York 17, N 

General Electric Co., Plastice’ 
Decatur, Ill. 

Houghton Laboratories, Inc., 


Chemicals 


Santa Bar- 


Food Ma- 
we as E. 


Dept., 
Olean, N. Y. 


Insulation Manufacturers Corp., 565 W. 
Washington _s., Chicago 6, Ill 


oppers Co. , Koppers 
Bids. Pittsburgh 19, (FH 

Marbon’ Chemical Div. of 
Gary, Ind. (F) 

Minnesota Mining & Mfg. Co., Electrical 
Products Div., 900 Fauquier Ave., St. 
Paul 6. i 

1607 


nn 
Plastics Engineering Co., 
Wis. (F) 
027 N. Monticelle Ave., 
La- 


“Borg-Warner, 


Geele Ave., 


8027 
(CEJ) 
, 2405 8S. Concord Rd., 

(a) 

. Chemical a Dit.. 
New York 17, N 


United States Gasket Co., Plastics Div., 
= os Packing Co., Camden 1. 
N. d. ) 


PLASTICS, SHEETS, RODS and TUBES 
AMP Incorporated, Chemical & Dielectrics 
Div., 155 Park, Dlizabethtown, Pa. (Di- 
electric Sheets) 
den Co., Resinite Dept., Santa Bar- 
bara, Calif. 
Cleveland Container Co., 6201 Barberton 
ve., Cleveland 2, Ohio (Tubes) 
Continental-Diamond Fibre, A Sub. of The 
Budd Co., Newark 13, Del. 
Dilectrix Corp.. “+ Bivd., Farming- 


dale, . ° 
Epoxy oe Inc., A Div. of Joseph 
& Sons, 137 Coit, Irvington 


Waldman 
Laminated Products 


a, M2. 

General Electric Co. 
Ohio 

Electric Co., 


. Coshocton, 
Til, 


Houghton Laboratories, Inc., Olean, N. Y. 
Insulation Manufacturers Corp., 565 W. 
Washington Blvd, Chicago 6, IIL 
Mica Insulator Co., Schenectady 1, N. Y. 
National Vulcanized Fibre Co., Wilming- 


ton 99, 
Northern ay ig Corp., 2nd & Market, 
Vis. 
Tonawanda, 


* Fibre Co., 


Tayior Fibre Co., ~ pe Pa, 

Westinghouse Electri Corp., Gateway 
Center, Bidg. No. 3. 401 Liberty Ave., 
Pittsburgh 30, Pa. 


Plastics Dept., 


la 
Spaulding. Inc., 


PLATINUM and PLATINUM PROD- 
UCTS. See also Contacts. 

Brainin Co., C. S., 318 Washington, Mt. 
Vernon, N. = 

Engelhard Industries, 
Platinum & Silver Div. 
road Ave., Newa 5, 

Engelhard Industries, Inc., 
& Baker Platinum Div., 
Newark 5, N. J. 

Engelhard Industries, Inc., H. A. Wilson 
Div., 2655 U.S. Rte. 22, Union, N. J. 

General Plate Div., Metals and Controls 
Corp., 1907 Forest, Attleboro, Mass 

~~? ee 82 Fulton, New York 


Inc., American 
es J. Rail- 


Chemical Div. 
113 Astor, 


PLIERS and CUTTERS, WIRE 


Klein & Sons, Mathias, 7200 McCormick 
Rd., Chicago 45, Ill. 


PLUGS and JACKS, COMMUNICATION 

Audio Development Co., 2836 13th Ave., 
South Minneapolis 7, Minn. 

Switchcraft, Inc., 5539 N, Elston Ave., 
Chicago 30, Ill. 


PLUGS and RECEPTACLES 

Amphenol Blectronics Corp., 1830 8. 54th 
Ave., Chicago 50, IIL 

Arrow-Hart & Hegeman Electric Co., 103 
Hawthorne, Hartford 6, > 

Automatic Electric Sales Corp., North- 

4633 W. Van Buren, 


e, a 
Belden Mfg. Co., 
500, 3209 


Chicago 44, Ill, 
Cannon Electric Co., 
Calif 
Trenton 4, N, 


Dept. 
. Las Angeles 31, 
Circle F Mfg. Co., J. 
o> ae & Go., L. L., Route 46, Lodi, 


272 


Cornish Wire Co., Inc., 50 Church, New 
York 7, N, 

Crouse- Hinds Co., Syracuse 1, N. Y. 

General Electric Co., Construction Mate- 


rials Div., Bridgeport 2, 
Hart Manufacturing Co. , 211 Bartholomew 
Conn, 


Ave., Hartford 1, 
Hubbell, Inc., Harvey, Bridgeport 2, Conn, 
— Second Ave., 


Johnson Co., E. F., 
S. W., Waseca, Min 

Jones Div., Howard B.. ‘Cinch Mfg. 
Chicago 24, Ill. 

Molex Products Co., 

Royal Electric Corp., 

Stromberg-Carlson, A. 
Dynamics Corp., 
Rochester 3, N. Y 


Corp., 


Brookfield, Ill, 
Pawtucket, R. 
of General 


Div 
117 Carlson Rd., 


PNEUMATIC TOOLS and EQUIPMENT 
Gardner-Denver Co., Quincy, Ill. 


PORCELAIN. See Ceramics 


POTENTIOMETERS. See also Rheostats. 
Allen- —y a _ .. 1816 8S, Second, Mil- 
Wis. 


waukee 4. 
5. P. 0. Box 2112 
Inc., Dover, N. H. 


Riverside, Calif. 

Clarostat Mfg. Co., 

Daven Co., 536 t. Pleasant Ave., 
Route 10, Livingston, N. J. 

Helipot Corp., Div. of Beckman En 
ments, Inc., P. O. Box Newport 
Beach, Calif. 

International Resistance Co., 401 N. 
Broad, Philadelphia 8, Pa. 

Kintronic, Div. Chicago Aerial — 
ad 19 Hawthorne Ave., Melros 
‘ark, 


1. 
Ohmite Manufacturing Co., 3613 Howard, 


Skokie, 

.. George, A Div. of Hard- 
wick, Hindle, Inc., 116-08 Myrtle Ave., 
Richmond Hill 18, -" . 

Stackpole Carbon Co., Marys, Pa. 

Weston Electrical eemnnel Corp., A 
Sub. of Daystrom, Inc., 614 Freling- 
huysen Ave., Newark 5, N. 


POTS and LADLES, MELTING 
ectric Co., Apparatus 

Div., Schenectady 5, N. Y, 
Vulcan Electric Co., Danvers 2, Mass. 


Sale 


POWDERED METAL PRODUCTS. See 
also Bearings and Bushings; Contacts. 


4 Div., Chrysler Corp., Detroit 31, 
ich 
= Brass and Bronze Co., Toledo 1, 
ii 
Gibson Electric Co., Old Wm. 
Highway, Delmont, be 
Co., Inc., P. R., Indtanapolis 6, 


—_—" 

Radio Cores, Inc., 9540 Tulley Ave., Oak 
Lawn, Ill, (Iron Cores) 

Stackpole ken Co., St. Marys, Pa 

United States Graphite Co., 1621 Holland, 
Saginaw 8, Mich. 


Penn 


POWDERS, METAL 

Engelhard Industries, Ine, American 
Platinum & Silver Div., 231 N. J. Rail- 
road Ave., Newark 5, N. J. 

ae f & Harman, 82 Fulton, New York 

New Jersey" Zine Co., 160 Front, New 
¥ i, (Brass, Bronze, Cop- 

per and Zinc) 


POWER SUPPLY UNITS 
Electronic Research Associates, as 67 
Laboratories, Inc., 4501 
N. Ravenswood Ave., Chicago 40, II. 
Ferrotran Electronics S.. 693 Broad- 
way. New York 12, 4 4 
Fidelity Instrument Re "1000 BE, Bound- 
ary Ave., York, 
— Laboratories, 131-38 Sanford 
Ave., Flushing 55, 
& Co., Inc., P. B., Indianapolis 


341 Ave., 
Kenilworth, 
Sola Electric Co., 4633 W. Chicago 


Texas Instruments Incorporated, 6000 Lem- 
mon Ave., Dallas 9, Texas 


a. 
Inc., 


N. J. £E, be Carnegie 


16th, 


PULLEYS 
Hi-Lo Manufacturing Co., 308 N., 
vergne Ave., Chicago 44, Ill, 


La- 


PUMPS 


Robbins & Myers, 
Springfield, Ohio 


Inc., Pump Div., 


PUSH BUTTON STATIONS 


Allen-Bradley Co., 1316 8. Second, Mil- 
waukee 4, Wis. 
Arrow-Hart & Hegeman 7 Co., 108 
Hawthorne, Hartford 6, 
North- 


Con 
Automatic Electric Sales Corp... 
6, 
Co, 1146 E. 152nd, 
Cleveland 10, Ohio 
se-Hinds Co., ie 
1264 St. Paul Ave., 
Milwaukee 1, Wis. 
— Electric Co., 1024 McKee, Batavia, 
fe aratus Saler 
Div., Schenectady 5, 
Micro ‘Switch, A Div tt Honeywell, Free- 
National Acme Co., 
land 5, Ohio 


176 E, 


1, 
Clark Controller 
; Syracuse 1, 
Cutler-Hammer Inc., 
Til. 
General Electric Co., 
port, Ill. 


13l1st, Cleve- 


Radio Condenser Co. 


den 3, N. 
_ yy D 9 4041 N, 
Stromberg - ee, A 
ics Corp., 
Rochester 3, N. 
Ward Leonard Breciric Co., 34 
Mount Vernon, Y. 
Westinghouse Electric Corp., Gateway 
Center, Bidg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 


, Control Div., Cam- 


Richards, Milwau- 


Div, of General 
117 Carlson Rd., 


South, 


PYROMETERS 


Weston Electrical Instrument Corp., A 
Sub. of Daystrom, Inc., 614 Freling- 
huysen Ave., Newark 5, N. J, 

Wheelco Instrument Div. Barber-Colman 
Co., 1403 Rock, Rockford, Ill 


QUARTZ, FUSED 


— Industries Inc., 
, 685 Ramsey Are., 


Amersil Quarts 
Hillside 5, N, J 


REACTORS. See Transformers. 


RECORDER COMPONENTS, MAGNET- 
iC. See Instruments. 


RECORDERS, COMPUTER. See Instru- 
ments, Electronic, 


RECORDERS, GRAPHIC 
See Instruments. 


RECORDERS, OSCILLOGRAPHIC 

Midwestern Instruments, 41st and Sheri- 
dan Rd, Tulsa, 

Sanborn Co., Industrial Div., 
Waltham 54, Mass. 


175 Wyman, 


RECTIFIERS, SEMICONDUCTOR 


Fansteel Metallurgical Corp., Rectifier 
. North Chicago, Ill. (Selenium) 

Electric poems Sales 

Y, (Selenium, 


) 
Co, @1 N. 
Broad, Philedelphia ® 8, P 





Diodes. ) 
rkes Tarzian, Inc., Rectifier Div., Dept. 
“re. 415° N, Gollege Ave. ‘Bloom. 
ington, Ind. 
11A 8. 
(Selenium) 
Corp., Wakefield, 


1803 


. (Silicon) 
Vickers Electric Div., 


Vickers Inc., 

ectric -, Gateway 

g. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 


RECTIFIERS, TUBE TYPE 


a, ~, i. 561 Broadway, New 
12, N. 
Electrons, Ine., Tat Sussex Ave., Newark 


General Electric On.. ., Agparates Sales 


Div., Schenectady 5 
RCA Electren Tube Div., e smatle Corp. of 
ay Cen- 


America, Harrison, N. 
Westinghouse Electric Corp., Gatew 

ter, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa, 


REGULATORS, MOTOR SPEED. 
Controllers, Motor, 


See 


REGULATORS, VOLTAGE. See 
Transformers, Variable Voltage. 

 ¥ men Corp., 356 Water, 

Amperite Co., Inc., 561 Broadway, 
York 12, # 


Corte -Witen Corp., Carlstadt, *, 
Fidelity Instrument Corp. . 1000 E. 
ary Ave., York, Pa, 
General Electric Co., 
Div., Schenectady 5, } 
Hoffman Semiconductor Div. 
Electronics Corp., 930 Pitner 


Byvanston, Ill. 
R-B-M “Control Div., 

Loganspo n 
Sola Blestric Co., 4638 W. 16th, 


50, I 
Standard ae | Products Co., 2240 E. 
Ohio. 


Third, Da 
Vickers Electric Divs 1803 
ust, St, Louis 3, 
Westinghouse Electric Corp., Gateway Cen- 
ter, Bldg. No. Liberty Ave., 
Pittsburgh 30, Pa. 


also 
Cuba, 


New 


.—" 
Apparatus Sales 


‘of Hoffman 
Ave., 


Essex Wire Corp., 
Chicago 


Vickers Inc., 


RELAYS and CONTACTORS 

AEMCO, Inc., 50 State, Mankato, Minn. 

A’G’A Div. of Elastic Stop Nut Corp. 
of —. 1027 Newark Ave., Elizabeth 


3, 
adios ‘& Westlake Co., 1168 N. Michigan, 
Elkhart, Ind, (Mercury) 


Advance Relays, A Dept. of Elgin Na- 
tional Watch Co., Elgin, 


Ill. 
Allen-Bradley Co., 1316 8. Second, Mil- 


waukee 4, Wis, 
Allied Control Co., Inc., 2 East End Ave., 
New a 

561 Broadway, New 


(Delay Thermostatic 


Amperite Co., ‘Inc., 
York 12, N. Y, 
Metal Bulb Type) 

Anderson Controls, Inc., 2777 

Des Plaines, Ill. 

Arrow- Hart & Hegeman Electric Co., 
Hawthorne, Hartford 6, Conn 

Electric Sales Corp., 


Mannheim 

103 

Automatic North- 
lake, LL 

Automatic Switch Co., 
Florham Park, } 

Barber-Colman Co., 
Ti 


Clare & Co., C, P., 
Chicago 45, IIL. 

Comar Electric Co., 3349 
Chicago 18, Ill. 

— Controls Corp., 


Curtiss-Wright 

(Time Delay 
Cutler-Hammer Inc 

Milwaukee 1, Wis 

Durakool, Elkhart, Ind. (Mercury) 

E-T-A Products Co. of America, 5085 N 

Biston Ave., Chicago 50, Ill 
Tec Corp., South 


50-M Hanover Rd., 


1803 Rock, Rockford, 


3101 Pratt Bivd 


Addison 


Box 8, Centerbrook 


Corp., Carlstadt N, 2 


1264 St. Paul Ave 


Hackensack 

Filtors, Inc., 30 Sagamore Hill Dr 
Washington, L. I.. N. Y 

G-V Controls Inc., 8 


Port 


Holiywood Plaza, 


Apparatus Sales 
, Schenectady 5, N 4 

Guardian Hiectric, 1627-H W 

Chicago 12, Ill 
rt Manufacturing Co., 
Ave., Hartford 1, Conn 
Haydon Co., A. W., 234 N. 

bury 20, Conn 
of General 


Walnut 
211 Bartholomew 
Elm, Water 
Time Corp., 2530 


, Conn, 

Heinemann Electric Co., 99 Plum, Trenton 
2, . (Time Delay) 

Jennings Radio Manufacturing Corp., 970 
MecLaughiin Ave., P, O, Box 1278, San 
Jose 8 Calif. 

Kellogg Switchboard and Supply Co., 6650 
S. Cicero Ave., Chicago 38, Ill, (Mag 
netic Impulse) 

of Norbute 


Kurman Electric Div. 
, Dept. in” 191 Newel, Brooklyn 
27, 
= Blectie Co., 271 8B, 
J. 
Re | Electric >. 3352 W. Grand 
Ave., Chicago 51 
Mercoid Corp., 420i Beimont Chi- 
cago 41, LiL 
North Lees Co., 852 S. Market, Galion. 
Onmite . -‘Seee Co., 3613 Howard, 
Skokie, 
Phillips Control Corp., 59 W, Washington, 


Joliet, 

Potter & Tirumfeld Mfg. Co., Inc., Sub 
of American Machine & Foundry Co.. 
Princeton, Ind. 

— Electric Corp., 1500 Church, Frede 

M 


fd. 
a BM per. Essex Wire Corp., 


RGA bnectece Tube Be.. 


America, Harrison, 
=, = Inc., Bos “188- B, West Chi- 


South 


Sixth, Newark 


Ave., 


Logans 


a Corp. of 


In. 
Sigua, Instruments Inc., 60 Pearl, 
Braintree 85, Mass. 
Square D Co., 4041 N. 
kee 12, Wis. 
Standard Electrical Products Co. 
Third, Dayton 3, Ohio 
Mromberg-Carison, A Div. of General 
117 Carlson Rd., 


Richards, Milwau 


, 2240 E 


; Pitm N. J. 
Tung-Sol Electric Inec., Blectreswitch Div., 
Newark 4, N. J, 

Ward Leonard Blectric Co., 34 South, 
Mount Vernon, N. 

Westinghouse Piectrt er Gateway 

, Bldg. No, &. 401 Liberty Ave., 
Pittsburgh 30, P 


Weston Electrical Instrument Corp., A sub, 
of Daystrom, Inc., 614 Frelinghuysen 
Ave., Newark 5, N. J. 

Wheelock Signals, Inc 273 Branchport 
Ave., Long Branch, N. J 

Wiegand Co., Edwin L., 7530 Thomas 
Bivd., Pittsburgh 8, Pa. 

Zenith Electric Co., 152 W. Walton, Chi- 
cago 10, Ill 


REMOTE CONTROLS. See Push Button 
Stations ; Relays and Contactors ; 
Switches ; Controls, Pressure and 
Temperature. 


—. INSULATING, See Varnishes, 
ompounds and Resins, Insulating. 


RESISTANCE ALLOYS 

Driver Co., Wilbur B., 
Highway, Newark 4, N. 

Driver-Harris Co., Harrison, N. J. 

Kanthal Corp., 3 Amelia Pl., Stamford, 
Conn. 


1875 McCarter 
J 


RESISTANCE HEATING UNITS. See 
Heating Elements and Units, 


RESISTANCE LINE CORDS 
General Electric Co., Construction Mate- 
rials Div., Bridgeport 2, Conn. 


RESISTANCE WIRE. See Wire, Resist- 
ance. 


ELECTRICAL MANUFACTURING 





Where it’s HOT or COLD... 





nothing equals 


GENERAL 

CABLE 

TEFLON Insulate 
HOOK-UP WIRE 


unaffected by temperatures from 
below —65°C to above 260°C 


unmatched reliability: unaffected 
by lubricants, water, corrosive 
atmospheres, weathering 


saves space and weight 


saves assembly time, minimizes damage 
(unaffected by soldering temperatures) 


high, stable dielectric strength over widest 
range of temperatures and frequencies 


low, stable dissipation factor over the com- 
plete range of temperatures and frequencies 


In addition to hook-up wires, General Cable manufactures a 
wide range of Teflon-insulated wires and cables for commercial 
and military applications of all types. Whether your problem is 
control, signal or communications, we would like the oppor- 
tunity to show you how these superior Teflon-insulated wires 

Other GENERAL CABLE products for the electronic industry and cables can help solve your design problems. 

MIL-W-5086A aircraft wire and MIL-C-7078A aircraft cable 

MIL-W-16878B and MIL-W-76A electronic hook-up wire 

MIL-C-17B high frequency cables For further information write: 

Spiracode hook-up wire GENERAL CABLE CORPORATION 

Safety MI (Mineral Insulated) Cables 420 Lexington Avenue, New York 17, N.Y. 

Aluminum sheathed power and signal cables Offices and Distributing Centers Coast-to-Coast 


*Registered trademark of E.|. duPont de Nemours & Co 


fluorocarbon resins 


‘ for quality and service... specify G ENERAL Cc AB LE 
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RESISTORS, INSTRUMENT and RADIO 
Allen-Bradley ~ oa 1316 S. Second, Mil- 
waukee 4 V 
Amperite Co ii 561 
York 12, N. Y. (Bulb Type) 
Contralab, Div. of Globe-Union, Inc., 
52GB. Keefe Ave., Milwaukee 1, Wis. 
Chanennee Mfg. Co., Inc., Dover, N. H. 
Cutler-Hammer Inc., 1264 St, Paul Ave., 
Milwaukee 1, Wis 
Daven Co., 536 W. Mt 
Route 10, Livingston, N. J. 
> “wal Corp., Electronics 


Broadway, New 


Pleasant Ave., 
J 


40 Hermon, New- 


401 N. 


Hardwick. “Hindle, Inc., 
ark 5, N. J. 
International ‘Resistance Co., 
Broad, Philadelphia - F oes 
Mallory  & Co., Inc., indianapolis 
Ohmite Meewtecturing Co., 3613 Howard 
Skokie 
RCA Electron Tube Div., patie Gorp. of 
America, Harrison, N 
Sprague Electric Co., 307 Marshall, 
Adams, Mass 
Square D Co., 4041 N. 
kee 12, Wi 
Stackpole Carbon Co. St. 
Texas Instruments 
Lemmon Ave., 9, 
Ward Leonard Electric Co., 
Mount Vernon, N. Y 
Weston Electrical ae Tg Corp., A sub 
of Daystrom, Inc., 614 Frelinghuysen 
Ave., Newark 5, N. J 


North 
Richards, Milwav- 


Merys, 


RESISTORS, POWER CIRCUIT 


Allen-Bradley Co., 1316 S. Second, 
waukee 4, Wis 
1264 St. 


Cutler -Hammer ae 
Miiwaukee 1, Wis 

536 W. Mt. Pleasant 

Livingston, N. 


Daven Co., 
= Resistor Corp., Electronics Div., 


Paul 
Route 10 


General Electric Co., 
Div., Schenectady 5, N. Y. 

—— k, pptindle, Inc., 40 Hermon, 
ark J. 

International Resistance Co., 401 N. 

‘oad, Philadelphia & Pe 

Mallory & Co., Inc., P. R., Indianapolis 

a Mfg. Co., 3613 Howard, Skokie, 

307 


Apparatus Sales 


New- 


Sprague Electric Co., Marshall, 
Adams, Mass 

Ward Leonard = Co., 
Mount Vernon, N. 


North 
34 South, 


RESOLVERS. See Servomechanisms. 


RHEOSTATS, INSTRUMENT and RADIO 
Allen-Bradley =. 1316 S. Second, Mil- 


waukee 4, 

Amperite Co., 7 561 Broadway, New 
York 12, N. ¥. (Bulb Type) 

Clarostat Mfg. Co., Inc., Dover, H. 

Cutler-Hammer Inc., 1264 St, Paul Ave., 
Milwaukee 1, W is. 

a. » Hinde, Inc., 40 Hermon, New- 


. BP. B., 
3613 Howard, Skokie, 


ark 
Mallory” '& Co., Inc. 
ee ‘ure. Co., 


Indianapolis 


Ww a Leonard 


34 South, 
Mount Vernon, N. 


Electric Co., 
» A 


RHEOSTATS, POWER CIRCUIT 
Allen-Bradley Co., 1316 S. Second, Mil- 
waukee 4. Wis 

Clarostat Mfg. Co., Inc., Dover, N. H. 

Cutler-Hammer Inc., 1264 St. Paul Ave., 
Milwaukee 1, Wis. 

General Electric Co., Apparatus Sales 
Div., Schenectady 5, N. Y. 

Hardwick, ee, Inc., 40 Hermon, 
Newark 5, N 

National Biectric. " Controller Co., 
Glenwood Ave., Chicago 26, IIL 

a - ag Mfg. Co., 3613 Howard, "Skokie, 


Leonard Electric Co., 34 South, 
. Vernon, N. Y. 
Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa, 


7070 


RINGS, COLLECTOR 
Electro Tec Corp. South Hackensack, 


Inc., Chemical Div. 
Platinum Div., 113 Astor, 


H. A. Wilson 


Engelhard Industries, 
aker 
Newark 5, } 
Engelhard Industries, Inc., 
D 2655 U.S. Rte. 23, Union, N. J. 
General Plate Div., Metals & Controls 
Corp., 1907 Forest, Attleboro, Mass 
a Molding & Mfg. Co., Gurnee 96, 


1759 W. 


mm Chestnut, 


sous Electric Products Rn 
Mound, Columbus 23, 

Toledo Commutator Co., 
Owosso, Mich 


RINGS, RETAINER and SNAP 
Garrett Co., Inc., George K., Torresdale 
Ave, at Tolbut, Philadelphia 36, Pa. 
Industrial Retaining Ring Co Dept, EM- 

2, 57 Cordier, Irvington 11, N, J. 
National Lock Washer Co., 40 Hermon, 
J 


Plastics Div. 


‘ewark 5. N 
United States Gasket Co., 

Co., Camden 
47-16 Austel Pl., 
N. Y. 


: rs Garlock Packing 


Waildes Kohinoor, Inc., 
Long Island City, 


RIVETS. See Fasteners. 
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RIVET SETTING MACHINES 

Chicago Rivet & Machine Co., 948 8. 
5th Ave., ellwood, I 

Milford Rivet & Machine Co., Milford, 


Cor 
Siena Mfg. Co., Judson L., Dept, D, 
Waltham 54, Mass. 


ROLLER BEARINGS. See Bearings, Ball 


and Roller 


RUBBER and RUBBER PRODUCTS 


Acadia Synthetic Products Div., Western 
Felt Works, 4021-4139 W. Ogden Ave., 
Chicago 23, Ill. 

Manufacturing Co., 306-I Stack, 
Middletown, Con 
Chicago Rawhide "Manufacturing Co., 
ston ane. Chicago 22, Ill. 
Dow Corning Corp., Midland, Mich. 
Ener Co., Inc., 15 West 51st, New York 
N. 


quand Electric Co., 


Decatur, Ill 
Johns- Manville, Dutch Brand Products, 
7800 Chicago 19, Ill. 


lawn Ave., 
Phoenix Manufacturing Co., Rubber Prod- 
Northfield Rd., 


1279 


Plastics Dept., 


ucts Div., Joliet, Ill 
Stalwart Rubber Co., 160 
Bedford, Ohio 


SAWS, COMMUTATOR. See Commutator 
Saws and Slotters. 


SCRAPER RINGS. See Rings, 


and Snap 


Retainer 


SCREW DRIVING MACHINES 


Bristol Co., Socket Screw Div., 
bury 20, Conn. 


Water- 


SCREW MACHINE PRODUCTS. See also 
Fibre; Plastics. 

Aluminum Co. of America, 
Pittsburgh 19, Pa. 

Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20, 


Conn 
Merkle-Korff Gear Co., 211 N, 
ll 
& Machine Co., 


Alcoa Bidg., 


Morgan 
Milford. 


Chicago 7, 
Milford Rivet 
Conn 


SCREWS. See Fasteners 


SEALING COMPOUNDS. See Cement, 
Insulating and Sealing; Waxes and Com- 
pounds. 


SEALS and TERMINALS, HERMETIC 


Advanced Vacuum Products, Inc., Div. of 
General Ceramics Corp., 430 Fairfield 
Ave., Stamford, Conn. 

American Lava Corp., 
Tenn. 

Amphenol Electronics Corp., 1830 8S. 54tb 
Ave., Chicago 50, Ill, 

Catenion & Co, L. L., Route 46, Lodi. 


Div. of Philips 


Central Ave., 

Fusite Corp., Dept. B-2, 6000 Fernview 
Ave., Cincinnati 13, Ohio 

General Ceramics Corp., Keasbey, N. J. 

General Electric Co., Apparatus Sales 

Div., Schenectady 5, N. Y. (Glass 


Bushings) 
3010 Main, Elk- 


Hermaseal Co., 

hart, Ind. 

International Resistance Co., 401 N 
Broad, Philadelphia 8, Pa. 
Kearfott Co., Inc., 1878 Main 
Clifton, N 
Phillips Control Corp., 50 W. 
ton, Joliet, Ill. 


Chattanooga 5 


Electrical Industries, 
Electronics, Inc., 691 
Murray Hill, N. 


Inc., 


Ave.. 
Washing- 


SEALS, MECHANICAL. (Rotary Shaft) 
Automatic and Precision Manufacturing 
Co.,_ 252 Hawthorne Ave., Yonkers, 
6424 Oakton, 


N 
Crane Packing Co., Morton 


Grove, Ll, 


SEALS, OIL and GREASE 

Chicago Rawhide Manufacturing Co., 1279 
Elston Ave., Chicago 22, Ill. 

Gits Bros. Mtg. Co., 1846 8. Kilbourn 
Ave., Chicago 23, Ill. 

United States Gasket Co., Plastics Div. 
of The Garlock Packing Co., Camden 
1, N. J. 


SELENIUM RECTIFIER. 
Semiconductor, 


See Rectifiers, 


SEMICONDUCTOR 
Rectifiers, | Semiconductor; 
and Crystal D’ 


PRODUCTS. See 
Transistors 


SERVOMECHANISMS (Controls, Syn- 
chros, ete.) Also see Motors. 

Diehl Manufacturing Co., Electrical Div. 
of The Singer Manufacturing Co., Som- 
erville, N 

Helipot oxp-. of Beckman Instru- 
ox 458, Newport 


“Corp., Dept. B, 23 W. 
hington Ave., Pearl River, N. Y. 
Kearfott Co., Inc., 1378 Main Ave., Clif- 
ton, N 
Oster John, Avionic 
Div., 


Div. 
r. ©. 


Manufacturing Co., 
Racine, Wis. 


Electro-Devices 


Servospeed Co., Div. of 
I Paterson 1, N, 


ne., 4 Godwin Ave., 


SHAFTS, FLEXIBLE 


United States Gasket Co., Plastics Div. 
of ae Garlock Packing Co., Camder 
a ee 


SHEAVES. See Drives, Belt. 


SHEET METAL FABRICATORS 

Cox Co., H. F., 601 Ottawa Ave., N. W. 
Grand Rapids 2, Mich 

Hoffman Engineering Corp., Dept. EM-91, 
Anoka, Minn 

Keystone Mfg. Co., 
Warren, Mich 

Kirk & Blum Manufacturing Co., 
Forrer, Cincinnati 9, Ohio 


23358 Sherwood Rd., 


3122 


SHEETS, ELECTRICAL. See Steel, 
trical 


Elec- 


SHIELDS, ELECTRON TUBE 


Magnetic Metals Co., Hayes Ave, at 2lst, 
Camden 1, N 
Magnetics, Inc., 


‘Box 391, Butler, Pa. 


SHIPPING SERVICES 


United Air Lines, Cargo Sales Div., 
Wabash Ave., Chicago 3, Ill. 


36 8, 


SIGNAL DEVICES 


Syracuse 1, N. Y. 
Bo Branchport 


Crouse-Hinds Co., 
Wheelock Signals, Inc., 
Ave., Long Beach, N. 


SIGNAL 
Lights, 


LIGHT ASSEMBLIES. 
Pilot and Indicater, 


See 


SILICON 
Crystal 


DIODES. 
Diodoes 


See Transistors and 


SILICONES 
Auburn Manufacturing Co., 
Middletown, Conn. 
Continental-Diamond Fibre, A Sub. of 
The Budd Co., Newark 13, Del. 
Dow Corning Corp., Midland, Mich. 
General Electric Co., Silicone Products 
Dept., Waterford, N. Y. 
Insulation Manufacturers Corp., 565 W. 
Washington Blvd., Chicago 6, Il. 
National Vulcanized Fibre Co., Wilming- 
1 
Wood- 


306-1 Stack, 


ton L el, 
Natvar Corp., 207 

bridge, N. J. 
Taylor Fibre Co., Norristown, Pa. 
Union Carbide Corp., Silicones Div., 

Lexington Ave.. New York 17, } 
Varfiex Corp., 309 N. Jay, Rome, N. Y. 


Randolph Ave., 


420 
Y. 


SILVER and SILVER ALLOYS. See also 
Contacts and Contact Points, For Solder, 
see Brazing Alloys, Silver. 

Brainin Co., C. S., 318 Washington, Mt. 
Vernon, N 

Engelhard Industries, 
Platinum & Silver Div., 
road Ave., 5 


Inc., 
231 N. 
J. 


American 

J. Rail- 

Newark 5, N. 

Engelhard Industries, Inc., Chemical Div. 
Baker Platinum Div., 113 Astor, 


Newark 5, N 
Engelhard Andstrten. Inc., H. A. Wilson 
i Union, N. J. 


2655 U Rte. 22 
Metatlargteat Gorp., North Chi- 


Metals and Controls 
Attleboro, Mass 
Fulton, New York 


— Plate Div., 
Corp 1907 Forest, 
a im oe. 82 


Maliors. & Co., Inc., P. R., Indianapolis 
Ind. 


SLEEVE BEARINGS. See Bearings and 
Bushings, 


SLEEVE, SATURATED. See 
and Sleeving, Braided Fabric. 


Tubing 


SLEEVING and TAPE, ASBESTOS 


Insulation Manufacturers Corp., 565 W. 
Washington Blvd., Chicago 6, IIL. 
Johns-Manville, Box 14, New York 16, 
x = 


SLIDE ASSEMBLIES 
Chassis-Trak Inc., 525 8. 
dianapolis, Ind 


Webster, 


SLIDE RULES, CALCULATING 
Keuffel & Esser Co., Hoboken, N. J, 


SLIP RINGS. See Rings, Collector, 

SLOT INSULATION. See Fabrics, Insu- 
lating; Mica; Paper, Insulating; Tubing 
and Sleeving, Braided Fabric, 


SLOTTERS, MICA. See Commutator Saws 
and Slotters. 


SOCKET SCREW KEYS and 
WRENCHES 

Allen Manufacturing Co., 
Hartford 5, Conn 


133 Sheldon, 


SOCKETS and ADAPTERS, RADIO, See 
Plugs and Receptacles. 


SOCKETS and RECEPTACLES, LAMP 
Arrow-Hart & Hegeman Electric Co., 103 
Hawthorne, Hartford 6, Conn. 


Automatic Electric Sales Corp 
lake, Ill. 

Circle F Mfg. Co 

Dialight Corp., 44 
lyn 37, ¥. 

Drake Manufacturing Co. 
bard, Chicago 22, Ill. 

General Electric Co., Construction Mate- 
rials Div. Bridgeport 2, Conn 

United States Gasket Co., Plastics Div 
of The Garlock Packing Co., Camden 1, 
N. J. 


Trenton 4, N. 
Stewart Ave., Brook- 


1711 W, Hub- 


SOCKETS, FLUORESCENT. See Fluores- 
cent Lamp Auxiliaries. 


SOCKETS, VACUUM TUBE 


Amphenol Electronics Corp., 
ve., Chicago 50, I 
Mycalex Corp, of America, 
Clifton, J. 

United States Gasket Co., 
The Garlock Packing Co., 
N. J. 


1830 8S. 54tn 


Clifton Blvd., 


Plastics Div. of 
Camden 1, 


SOCKET SCREWS. See Fasteners. 


SOLDERING COMPOUNDS 
(Fluxes, Paste, Liquids, Salts, ete.) 
Chase Brass & Copper Co., Sub. of Ken 
necott Copper Corp., Waterbury 20, Conn 
Essex Wire Corp., Wire and Cable Div 
Fort Wayne, Ind 
General Electric Co., 
Div., Schenectady 5, } a 
oa Yad — : caianem: 82 Fulton, 


Apparatus Sales 
N.Y 

New York 
4209 Wrightwood Ave 


1537 


Kester ‘Bolder Co. 
Chicago 39 
RAY Co., Ine., 
, Melrose Park 
Lead Co., 111 
) We Ee 


North 


, TL 
Broadway, New 


SOLDERING EQUIPMENT 
(trons, Machines, ete.) 
General Electric Co., Apparatus Sales Div., 

Schenectady 5, N. Y¥ 
Industries, Inc., 
Il 
Vulean Electric Co., 


1008-G Park Ave 


Danvers 2, Mass 


SOLDERLESS CONNECTORS, See Con- 
nectors, Wire and Cable. 


SOLDER PRE-FORMS. See also Brazing 
Alloys, Silver. 
Handy a Harman, 

38, <, 
Kester Sauder Co., 
Chicago 39, Ill. 


SOLDER, SELF-FLUXING 
For Silver Solders, see Brazing Allovs 
Kester Solder Co., 4209 Wrightwood Ave 
Chicago 39, Ill 
London Chemical Co., N, 8st 
Melrose Park, I 
National Lead Co., 
York 6, N. Y. 


82 Fulton, New York 


4209 Wrightwood Ave., 


1537 Ave 


111 Broadway, New 


SOLENOIDS 
Allen-Bradley Co., 1316 8. Second, Mil 
. Wis. 
Anderson Controls, Inc., 2777 Mannheim 
Rd., Des Plaines, Ill. 
Automatic Electric Sales Corp., 
lake, Ill. 
Automatic Switch Co., 50-M Hanover Rd., 
s. 
Dept. 500, 3209 


Florham Park, N. 
Cannon Electric Co., 
Humboldt, Los Angeles 31, Calif 
Comar Electric Co., 3349 Addison, Chicago 
18, Ill. 
Controls Co. of America, 9551 
1264 St. 


Ave., Schiller Park, 
2435 Hilton Rd., Detroit 


North- 


Soreng 
Cutler-Hammer, Inc., Pau! Ave 
Milwaukee 1, vis. 
Detroit Coil Co., 
20, ic 
Dormeyer enemas: 3424 Milwaukee Ave.. 
Chicago 


General Sales 


micerie Co., 
Div., Schenectady 5, N. Y 
Guardian Electric 1627-H W 
Chicago 12, Ill 
Leland, Inc., G. H., 
2, Ohio 
National Acme Co., 176 BE. 
i 


1260 N. Clybourn Ave., 


Apparatus 
Walnut 
123 Webster, Daytor 


13lst, Cleve 


Mfg. 7 
Chicago 10, Ill 
Phillips Control Corp., 59 W. 
Joliet, 


Washington, 
R-B-M Div., Essex Wire Corp., Logans- 
port, Ind. 
Relay Sales Inc., Box 186-B, West Chi- 
cago, Ill. 
P. O. Box 1124 Culver 


Rolenoid, Inc., 
City, C a 
Struthers-Dunn, Inc., ee N, J. 
Werstivrrhan-e Elec Corp., Gateway 
dg. N 401 Liberty Ave., 


Center, Bl 
Pittsburgh 22, 


SPEED INDICATORS. See Tachometers 


SPEED REDUCERS and DRIVES 
For Motorized Units, see Motors. 
Bowmar Instrument Corp., 2415 Pennsyl- 
vania Ave., ayne, In 
Century Electric Co., 1806 Pine, St, Louis 


Eaton Mfg. Co., Dynamatic Div., 3307 
Fourteenth Ave., Kenosha, Wis. 

General Electric Co.,  Jeimeed Sales 
Div., Schenectady 5, 

Janette Electric Mfg. Co., 
Til 


Morton Grove, 
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Cord Plug and Insert Molding—simple and easy—with the 


. MOSLO DUPLIMATIC 


Designed especially for molding cord 
sets, and plastic items requiring inserts 
or multi-color molding, such as keys for 
business machines, the Model 11, 3- 
ounce Moslo DUPLIMATIC affords 
continuous operation. 

A dual lower mold allows a single 
operator to load one side while the other 
side is automatically molding. There is 
no lost time or waiting around on the 
part of the operator. 

he production output of a Moslo Illustrated are parts 
DUPLIMATIC exceeds that of a larger produced on the 
size competitive machine requiring 3 to 4 MOSLO DUPLIMATIC 
operators. 

Many outstanding electrical manufac- 
turers are producing a large percentage 
of the nation’s requirements in cord sets 
and grommets with DUPLIMATICS. 
For your own cord set and insert work, 
it will pay you to investigate the exclusive 
features of the Moslo DUPLIMATIC. 

We will be glad to arrange for a con- 
sultation and help you with your molding 
problems. Financing Plan available— 
Write or call today. 





Moslo 2-Station shifting 
table permits loading one 


side while parts are being 
automatically molded on 
the other side. 


MACHINERY COMPANY 


2445 PROSPECT AVE. + CLEVELAND 15, OHIO 
Circle 271 on page 17 


Now available in reprint form ($1.00 per copy): 


SLIDE RULE MATHEMATICS 


—> IDEAL FOR TECHNICIAN TRAINING PROGRAMS! 





_ 
° 
bad 

x | 
a 
° 
Vv 











“SLIDE RULE MATHEMATICS” offers a practical guide to the under- 
standing of the slide rule and its application to engineering problems. This 
article is the work of Ira Ritow, engineer-teacher and author of the pop- 
ular “Capsule Calculus.” It traces the logical development of the slide 
rule’s fundamentals and gives complete, concise instructions for its use. 
Contains over 50 two-color illustrated examples of step-by-step slide 
rule settings. 


Major topics include: 


for which please send me 


@ Uses of the Basic Side Rule ¢@ Variations on Basic C-D Operation 
@ Trigonometry e@ The Log-Log Scales e@ Phasor Calculations 
e@ Vector Diagrams e The Circular Slide Rule. 


The 20-page reprint, plus 4 practice slide rules printed on heavy stock for 
easy cut-out, is priced at ONE DOLLAR. Ordered in quantities of 5 to 24 
for single shipment to one address, the per copy price is 90 cents; for 
25 or more copies, 75 cents each. Add 3 per cent sales tax for New York 
City delivery. The quoted prices include shipping charges. 


| enclose $ 


1250 Sixth Ave., New York 20, N. Y. 
“SLIDE RULE MATHEMATICS.” 


READER SERVICE DEPARTMENT 
THE GAGE PUBLISHING COMPANY 


COMPANY 
ADDRESS 


Reprinted from March-April 1958 issues of ELECTRICAL MANUFACTURING. 


JULY 1958 
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POWER SUPPLY } 
lele engineered 
from end to end — 


Aorlonger service life; 
| [Speedy assembly! 


+44 4 oe yt 








+ == 
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LT ssseanbiy fatty engineered 
to; your’ specific applica- 
| tian v1. or if you choose 
Tit From one of the indus- 

i +try's_widest assortments 
of,stock molds for caps, 
—+—+€ennectors and strain re- 
+—+-hiefs . . . you can depend 

) 1 OM Royal Electric power 

| Supply cords. Royal stock 
|} molds are available for 
| molding in rubber, neo- 
|i prene jor vinyl, to black 
yal cords of 

fequired lengths ...deliv- 

: -ton schedule 
7-7" to theet your exact 

TE preien jand as- 


leeds. 
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Metron Instrument Co., 457 Lincoln, Den- 
ver 3, Colo. 
Reeves Pulley Co., Columbus, Ind 


SPRINGS, COIL and FLAT 

American Steel & Wire Div., U, S. Stee 
Corp., Rockefeller Bidg., Cleveland 13, 
Vile 

Associated Spring Corp., 

B-G-R Div., Associated Spring 
Piymouth & Ann Arbor, Mich. 

Barnes Div., Wallace, Associated 
Cerp., Bristol, Conn, 

Chatillon & Sons, John, 
York 38, N. Y 

Dudek & 
Grand 

Dunbar 


Conn 
Corp.. 


Bristol, 


Spring 


85 Cliff, New 


Bock Spring Mfg. Co., 4016 W. 
Ave., Chicago 51, IIL 

Bros Div., Associated Spring 
Bristol, Conn. 

Inc., George K., Torresdale 
Tolbut, Philadelphia 36, Pa. 
Gibson Div., William D., Associated 
Spring Corp., 1800 Clybourn Ave., Chi- 

ago 14, Ill 

Gibson Electric Co. 
Highway, Delmont, P 

Hunter Spring Co., 22 
dale, Pa 

Instrument Specialties Co., Inc., 
gen Bivd., Little Falls, N. J 
lium, Copper) 

Lewis Spring & Mfg. Co., 2646 W. 
Ave., Chicago 47, Ill. 

Manross & Sons Div., F. N., 
Spring Corp., Bristol, Conn. 

Milwaukee Div.. Associated Spring Corp., 
Milwaukee, Wis 

Ohio Div.. Associated 
Dayton, 

Raymond 
Corp.. 

Seaboard 
Corp.. 


Old Wm Penn 


a 
Spring Ave., Lans- 


244 Ber- 
(Beryl- 


North 


Assoclated 


Spring Corp., 


Associated Spring 


Pacific Div., Spring 


Associated 
Gardena, Calif. 


STAINLESS STEEL. See Steel. Commer 


cial Forms and Grades 


STAMPINGS, METAL 


Auburn Manufacturing 
Middletown, Conn. 
B-G-R_ Div., Associated 
Plymouth & Ann Arbor, 
Marnes Div., Wallace. 
Corp Bristol, Conn 
Barnes-Gibson- Raymond 
Spring Corp., 40300 
Plymouth, Mich 
Chase Brass & Copper Co., Sub. of Ker 
ae Copper Corp., Waterbury 20 


Co., 306-1 Stark 


Spring Corp, 
Mich 
Associated Spring 
Associated 
Plymouth Kd., 


Dudek & Bock Spring = Co... 

. Chicago 5 
Div. pe lated 
. Conn. 
Corp.. 


4016 W. 
Spring 


Resistor Electronics Div., 
Fryling Mfg. 
Garrett Co., 

d _— Ave. at 


Co., Erie, Pa. 
Inc George Torres- 
Tolbut, Philadelphia 36 


Willlam D 
1800 


Gibson Div., 
Spring Corp.. 
Chicago 14, Ill. 

Hleyman Mfg. Co., 

Ilsco Corp., Dept. F-4 
Rd., Cincinnati 27, Ohio 

Kirk and Blum Manufacturing Co.. 
Forrer, Cincinnati 9. Ohio 

Lewis Spring & Mfg. Co., 
Ave., Chicago 47, Ml 

Malco Tool and Manufacturing Co.. 4021 
W. Lake. Chicago 24, Ill 

Manross & Sons Div., F. N., 
Spring Corp., Bristol, Conn 

Merkle- 3 Gear Co., 211 N. 
Chicago 7 

Milwaukee Div.. 
Milwaukee, 


Associated 
Clybourn Ave., 


Kenilworth 1, N. J 
4730 Madison 


3122 
2646 W. North 
Associated 
Morgan, 
" Associated Spring Corp.. 
Co.., 
Associated 


0. 
Div... 


Middletown, Conn 


Spring Corp. 


Associated Spring 


Seaboard Dis Assoviated 
Corp., Gardena. Calif 

Sylvania Electric Products, 
Broadway. New York 19. 

United-Carr Fastener Corp.. 
42. Mass 

Wenco Mfg. Co.. 1136 West 
Chicago 22, Ill. 


Spring 
1740 
* Cambridge 


_ Inc.. 


Hubbard 


STAMPINGS, NON-METALLIC 
Auburn Manufacturing Co., 3U6-I Stack 
Middletown, Conn 
Se Diamond Fibre, A Sub of The 
Inc., Newark 18, Del. 
Fryling Mfg. Co., Erie, 


STARTERS, FLUORESCENT. See Fluo 
rescent Lamp Auriliaries. 


STARTERS, 
Motor, Push 


MOTOR. See Controllers 
Button Stations. 


STEATITE. See Ceramics. 


STEEL (Commercial 
Alloy 
Bars 
Carbon 
Coated 
Enameling 


Stainless 

Cold Rolled Only 
Sheets and Strips 
Tubin (T) 
(See also Steel, Electrical) 


Acme- Menpert Steel Corp., Newport, Ky 
(ADES 
Oliver 


Forms and Grades) 


Ludlum _ Steel 
Bldg.. Pittsburgh 22, Pa. (NS) 

American Steel & Wire Div., U. 8S. Steel 
‘orp., Rockefeller Bidg., Cleveland 13, 
Ohio (NS) 


Allegheny. Corp.. 


Div., Wallace, Associated Spring 
Bristol, Conn. (S-CO) (Spring) 
Brass & Copper Co., Sub. 

apes Corp., Waterbury 20, 


Barnes 
Corp., 

Chase 
Kennecott 
Conn 

Columbia Tiesera Steel Div., U. 

. San Francisco, Calif 

Co., Wilbur B., 1875 
Highway, Newark, N. J 
Steel Wire) 

Jones & Laughlin Steel Corp., 
Steel Div., Youngstown Re 
(ACDNOS) 

National Tube Div., U. 8S 
Pittsburgh, Ta 

——— Coal & Iron Div., U. 

52 i. By Penn P! 


Corp., Fairfield, Ala 
Pa, S-ACDN) (T-ACN) 


S. Steel 


McCarter 
(Stainless 


Suriw 
Ohio 


Steel Corp.. 


S. Steel 


U. S. Steel Corp.. 
Pittsburgh 30, 


STEEL, yf be 
(Sheets and Strips) 
Acme-Newport Steel Corp., 
Allegheny Ludlum Steel 
Bidg.. Pittsburgh 22 
Armco Steel Corp., 1378 Curtis, 
town, Ohio 
Nepublic Steel 
_ Republi Bide. 

el orp.. 525 


. 8. Ste 
Pi., Pittsburgh 30. Pa. 


(Silicon) 


Newport, Ky 
Corp.. Oliver 


Middle- 
1441 


Corp., Dept, 5926, 
Cleveland 1 


hio 
William Penn 


RELIEFS and 


STRAIN 4 
Strain Rellef 


Clamps, 


See Grips 


STRIPPERS, WIRE 

Artos Engineering 
Milwaukee 7, Wis 

Eraser Co.. Inc., 1068 8 
cuse 4, N. Y¥ 

Holub 
more, 
ul Industrie In 
Sycamore, Ill 

Londcn Chemical Co., Ine. 
Ave.. Melrose Park, Ill. 

Wenco Mfg. Co., 1136 
Chicago 22, Il 


Co., 28th 


Clinton, Syra 


Industries, Inc., 445 Elm, Syca 


1008-G Park Ave 
1537 N 
(Solvent) 

West Hubbard 


Bist 


STRIPS. BLOCKS and BOARDS, 
TERMINAL 

AMP 
Bivd.. 

— 


Incorporated, 5284 Eisenhower 
Harrisburg. Pa 
Lava Chattanooga 5. 
Audio “Development Co., 2836 13th Ave 
nuth Minneapolis 7, Minn. 
a Electrical Products 
Route 22, Hillside, N. J 
Burndy Corp., Omaton 


Corp... 


Corp., 225 


Div.. Norwalk 
Conn 

Cambridge Thermionie Corp., 
cord Ave., Cambridge - Mass 

Curtis Development & fg. Co.. 
N. 33 9g ad 6. AV. 

264 St 


453 Con- 
3266 


Cutler-Hammer, Inc., Paul Ave.. 
Milwaukee 1, Wis. 

Hart Manufacturing Co., 
Ave.. Hartford 1, Conn. 

Ilsco Corp., Dept F-4 

.. Cincinnati 23. Ohio 

Jones Div., Howard B., Cinch Mfg. 
Chicago 24 ll 

Molex Products Co., Brookfield, Ill. 

Mycalex Corp. of America, Clifton Blvd., 
Clifton, N. J 

Stromberg-Carlson, A _ Div 
Dynamics D., 117 
Rochester 3, N 

Thomas & Betts Co., 
Elizabeth 1, N. J. 

United States Gasket Co., 
of The Garlock Packing 

1, NJ 


211 Bartholomew 
4730 Madison 


Corp.. 


of General 
Carlson Rd., 


28 Butler, 


Plastics Div. 
Co., Camden 


Inc., 


SWITCHES, AUTOMATIC and MANUAL 
Float (Liquid Level) (A) 
Limit (Snap-Action) (B) 
Magnetic (Cc) 
Mercury (D) 
Pressure (E) 
Thermal (F) 
Time (G) 
Transfer (H) 
Vacuum (J) 

and “ 

L) 

Heater (Series Multiple) Ab 
<ey and Lever N) 

(0) 


Fixture 


(Toggle, Slide, 
y) 

Remote Control 
Selector 
Through-Card 
Coaxial 

Motor Speed Control 
Rotary 

C 


(Snap) 


‘oin 
Push Button 


Breakers; Push Button 
Motor; Relays; 


See also Circuit 
Stations; Controllers, 
Timers. 

ei tt Inc., 50 State, Mankato, Minn. 
(GR) 

Adams & Westlake Co.. 1168 N. Michi- 
gan, Elkhart, Ind. (D 

Applied Science Corp. ‘2 Princeton, P. O. 
Box 44, Se ge sis 

Allen-Bradley Co., 8s Seen Mil- 
waukee 4, Wis. (ACEFIP 

Allied Control Co., Inc., 2 Bast End Ave., 
New York 21. N. Y. (CDGHR) 

Anderson Controls, . 2777 Mannheim 
d.. 


Des Plaines, 
Hegeman Electric Co., 


Atrow-Hart & 

Hawthorne, Hartford 6. Conn. Ptrmid 
MPRT) 
Automatic Electric Sales Corp.. North- 
lake, Ill. ig cage on gt A 
Automatic Switch . 50-M Hanover Rd., 
Florham Park, ‘N. J. 

Centralab of Globe-Union Inc., 962G 
Ave., Milwaukee 1, Wis. 
Co.. Trenton 4, N. J. 


& Co., C. P., 3101 Pratt Bilvd.. 
Chicago 45. Ili. (Sw) 
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E. 152nd, Cleve- 
3349 


America, 9551 Soreng 
Schiller Park, Ill. (ABELPS) 
Cramer Controls Corp., Box 8, Center- 
brook, Conn. (C) 
Crouse-Hinds Co., Syracuse 1, N.Y. 
(DPSV) “ * 
Curtiss-Wright Corp., Carlstadt, N. J. (F) 
Cutler-Hammer, Inc., 1264 St — Ave., 
Milwaukee 1, Wis. (EGLPW 
Daven Co., 536 W. Mt , Ave., 
Route 10, Livingston, N. J. (8) 
Detroit. Controls Corp., Div. 
pease. 5900 Trumbull Ave., 
8. Mic 
noida “Ine 
a Signal Corp, 
( 


Clark Controller Co., 1146 
Ohi 


Addison, 


of American- 
Detroit 


Elkhart, Ind. (D) 

202 20th, Moline, Tl 
) 

Electro-Snap_ Switch and Mfg. Co.. 4238 
W. Lake, Chicago 24, Ill. (BNOPSVWY) 
Electro Switch Corp., Weymouth 88, Mass 

(HPRSW) 
Furnes, Electric Co., 
ABCEFLO) 


1024 McKee, Batavia. 
Hollywood Plaza, 
(FG) 


P .. Construction Ma- 
.. Bridgeport 2, Conn. (8S) 

General Electric Co Apparatus Sales Div., 
Schenectady 5. N . (ABCDEFGHJK 
MNOPRSTUVWY) 

Guardian Electric, 1627-H W. 
Chicago 12, Ill. (CFGHN) 

Hart Manufacturing Co., 211 
Ave.. Hartford 1, Conn. (MOPRSU) 

Haydon Div, of General Ty Corp., 253¢ 
Elm, Torrington, Conn. (G) 

Heinemann Electric Co., 99 Plum, 
ton 2, N (0) 

Hetherington, Inc., 1200 Elmwood Ave., 
Sharon Hill, Pa. (P) 

Jennings Radio Manufacturing Corp., 970 
McLaughlin Ave., P. 0. Box 1278. San 
Jose 8, Calif 

Kellogg Switchboard and Supply Co.. 6650 
8. Cicero Ave., Chicago 38, Ill. (8S) 
(Crossbar) 

—. a G Bee Daytor 


Walnt 


Bartholomew 


Tren- 


123 Webster, 

an Inc.. P. R., Indianapolis 

6. Ind. (G aNP SWY) 

Mechanical Industries Production Co., 21) 
Ash, Akron 8, Ohio 

Mercoid Corp., 4201 Belmont Ave., Chi 
cago 41, Ill. (ABCDEF) 

Micro Switch, A Div. of Honeywell, 
port, Ill (BDFLSW) 
National Acme Co., 176 E. 131st, 

land 5, Ohio (BPY) 
North Electric Co., 852 S. Market. 
Ohio (W) 
Oak Mfg. Co 
cago 10, Til 
Ohmite wae Co., 
(N 


Ii 
R-B-M Div , Essex Wire Corp., 
West Chi- 


Free 
Cleve 
Galion 


1260 N. Clybourn Ave., Chi 


(NWZ) 
3613 Howard, Skokie 


Logans- 
port, Ind. 
Relay Sales Inc., Box 
cago, 
Robertshaw- Fulton Controls Co., 
16, Ohio (B) 
Metals & Controls Corp., 
3607 Forest, Attleboro, Mass oF) 
Square D Co., 4041 N seman. 
kee 12, Wis. (ABCEFLO 
Stackpole Carbon Co., St. a, Pa. (P) 
Stromberg-Carlson, A Div. of General Dy- 
panies © orp., 117 Carlson Rd., Rochester 


Pitman. NW. 2 
N. Elston 


186-B, 
Acro Div.. 
Spencer 


Milwau- 


Struthers-Dunn, Inc.. 
Switchcraft, Inec., 55 
Chicago 30, Ill Sy 
Ther Electric & Machine Weeees 
Jefferson, Chicago 6, Ill. (8S) 
Tora Engineered Products, Inc.. 
Monroe, Bedford, Ohio (V) 
Unimax Switch Div., The W. L. Maxson 
Corp., Ives Rd. Wal Hingford, Conn. (D) 
Ward Leonard Electric 
Mount Vernon. N 


Ave., 
1A 8 
34 W 


eway 


4 Liberty 
(ABCDEFGHLOPS) 
152 W. Walton. Chi 


Pittsburgh 30. ‘Pa 
Zenith Electric Co., 
cago 10, Ill. (HR) 


SYNCHROS. See Servomechanisms 


TACHOMETERS 

D & R Itd., 402 E. Gutierrez, 
Box 1500, Santa Barbara, Calif 

General Electric Co., Apparatus Sales Div.. 
Schenectady 5, , 3 

Metron Instrument Co., 457 


yr. @ 


Lincoln, Den- 


Electric & Engineering Co., 
276-A, Cleveland 17, Ohio 
Electrical Instrument Corp.. 
of Daystrom, Inc., 614 Freling- 
huysen Ave., Newark 5, N. J. 


TAGS, TERMINAL 
National Band & Tag Co.. 
9-254, Newport, Ky 

207 Randolph Ave., 


P. O. Box 


Natvar Corp... Wood- 


bridge, N. 


TANTALUM 
Fansteel pretieraton! Corp.. 


cago, 
Mallory i Co.. Ine... P. B., 
6, Ind. 


North Chi- 


Indianapolis 


TAPE. APREsive and COIL 
FAST 
Me oy ee Corp., 565 W 
Washington Blvd., Chicago 6, TIL 
Johns-Manville, Dutch Brand Products, 
7800 Woodlawn Ave., Chicago 19, Ill 
Minnesota Mining & Mfg. Co., Electrical 
Products Div., 900 Fauquier Ave., St. 
Paul 6, Minn 
Permacel- LePage’ 8 Inc., 
N. J 


State Highway 25 
New Brunswick, : 


JULY 1958 


TAPE, FRICTION and SPLICE 

Insulation Manufacturers 
Washington Blvd., Chicago 6. Til. 

Irvington Div., Minnesota Mining & Man- 
pons ocigg | Co. 9 Argyle Terrace, Ir- 


ngton a 
Johns: Manville, Box 14, 
Johns- Manville, Dutch Brand 

800 Woodlawn Ave., Chicag 
i Mining & Mtg Co... "electric 

Products Div., 900 Fauquier Ave., 
Paul 6, Minn. 


TAPE, 


mAs 


New York 16, 
Re aa 
19, Ml. 


INSULATING. See Fabrics. In- 
sulating; Sleeving and Tape, Asbestos; 
Tape, Friction and Splice; Tape and 
Sheeting, Synthetic Resin. 


MAGNETIC RECORDING. See 


TAPE, 
Recorder Components 


Magnetic 
TAPE, MICA. See Mica 


TAPE and SHEETING, SYNTHETIC 
RESIN 
Borden Co., 
bara, Ca 

Continental-Diamond Fibre. A Sub. of The 
3udd Co., Newark 13, Del. 

du Pont de Nemours & Co. (Inc.) E, I 
Plastics Div., * aeeiemmmcaens me wil- 
mington 98, 

Insulation 2 Corp., 565 W 
Washington Bivd.. icago 6, Til. 

Irvington Div., Minnesota Mining & 
Manufacturing Co., 9 Argyle Terrace 
Irvington 11. 

Minnesota Mining ‘& Mfg. Co., regen 
Products Div., 900 Fauquier Ave., 8 


Randolph Ave.. Wood- 


Co., Elec 
Woodbridge 


Resinite Dept., Santa Bar- 


Finishing 
Dept... 


? Jersey Wood 
trical Insulation 
N 


Plastics Div 
Camden 1 


United States Gasket Co.. 
of the Garlock Packing Co., 
N. J. 


TAPES, MEASURING 


Keuffel & Esser Co.. Hoboken, N. J 


TELEPHONES 
Crouse-Hinds Ce., Syracuse 1, N. ¥ 
Kellogg Switchboard and Supply Co., 
8S. Cicero Ave.. Chicago 6] 
National Pneumatic Co., 
Cabot Div.. 125 Amory, 


6650 


l 
Holtzer 
Boston 19 


Mass. 

Stromberg-Carlson, A Div of General 
Dynamics Corp.. 117 Carlson Rd.. F 
chester 3, N. Y. 


TEMPERATURE CONTROLS. See Con 
trols, Pressure and Temperature; Relays 
Switches; Thermometers; Thermostats. 

TERMINAL BLOCKS. See Strips 

TERMINALS. and Terminals 


TESTING CHAMBERS. 
Test. 


See Lugs 


See Chambers, 


TESTING Instru 


ments. 


INSTRUMENTS. See 
Also Tools, Portable. 


THERMAL SWITCHES. See Switches. 


THERMISTORS 


General Electric Co.. 
11131 E 


Metallurgical Prod- 
8 Mile Ave., De- 

Victory Engineering o-- 109 Spring- 
field Rd., Union, N. 


THERMOCOUPLES 
Engelhard Industries, Inc., ae eg Div 
& Baker Platinum Div 113 stor, 
ark 5. J. 


New: ° 

General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y. 

— Products Corp., 


New Haven 4, 


Westinghouse 
c Bldg. No. 3. 
Pittsburg h 30. Pi 

— Blectrical 

Daystrom 
huyeen Ave., Newark 5. "N, 

Wheelco Instruments Div.. Barber-Colman 

Co., 1403 Rock, Rockford, Tl. 


Electric Corp., Gateway 
N 4 


01 Liberty Ave., 


Instrument Corp A 
Inc 814 Freling- 


THERMOMETERS 
Weston Electrical aetrwment Corp.. A sub. 
of ti Ine., 614 Frelinghuysen 


Wheelco Instruments Div., Barber-Colman 
Co., 1403 Rock, Rockford, II. 


THERMOPLASTIC WIRE. See Wire and 
Cable. Insulated. 


THERMOSTATIC BIMETALS 


7 Co., C. 8., 318 Washington, Mt. 

ern i >* 

— Co., W. M., 1608 Beard Ave.. De- 
troit 9. 

Engelhard Industries. Inc., Chemical Div 
& F&F Platinum Div., 113 Astor, 


Wilson 


Newark 
Bageterd Industries, Inc.. H s 
. 2655 U.S. Rte. 22, Union, } 
Gast Plate Div., Metals and” Controls 
Corp., 1907 Forest Attleboro, Ma 


THERMOSTATS 

Barher-Colman Co., 1803 Rock, 

Curtis Development & pate. Co., 
33rd, Milwaukee 6, W 


Rockford, 
3266 N. 





time switches — 

motor starters — 

lighting — equipment 

control — all applications 

requiring complete reliability and long service life. 
All parts are accessible—readily inspected, easily 
replaced. Full floating armature permits perfect 
magnetic seating, silences AC hum. 

Contacts are copper to copper. Heavy compres- 
sion springs assure contact pressure, quick opening. 
Coil will not overheat in 24-hr. continuoms service. 

Zenith contactors are made for severe 
duty. Capacities to 400 amps. 


Send for this handy new bulletin 


See classified telephone directory 
for name of local distributor 


YB i | ELECTRIC CoO. 


152 WEST WALTON STREET + CHICAGO miSSs, folk 


Circle 273 on page 17 


NEW 
MINIATURE 
AGASTAT° 
time delay relay 


for missile, aircraft and 
electronic applications 


INSTANTANEOUS RECYCLING... 

reset time—less than .020 seconds 

UNAFFECTED BY VOLTAGE VARIATIONS . . . time delay remains 
constant from 18 to 30 volts DC 

ADJUSTABLE . . . time delays from .030 to 120 seconds 
CHOICE OF OPERATION... for either energizing or de-energizing 
SMALL .. . height—454”. . . width—1",. . . depth—-1” 

LIGHT . . . maximum weight—15 ounces 

MEETS ENVIRONMENTAL REQUIREMENTS OF MIL-E-5272A 


This new AGASTAT time delay relay is an externally adjust- 
able, double-pole, double-throw unit. It incorporates the basic 
AGASTAT timing principle, proved by a half-century of reliable 
operation on automatic aids to navigation, in a space-saving 
miniature unit built to withstand the rugged environmental 
conditions of missile and aircraft applications. 

For specific information on the new AGASTAT relay for 
your application, write to Dept. A30-721. 


ELASTIC STOP NUT CORPORATION OF AMERICA 


1027 Newark Avenue, Elizabeth, New Jersey 
Pioneers in pneumatic timing 





Circle 274 on page 17 





ELECTRICAL 





PORCELAIN 


AS AND WHEN YOU WANT IT 


Send drawings and specifications to 


AKRON PORCELAIN CO. 


2723 CORY AVE., AKRON 14, OHIO 
Circle 275 on page 17 








” (Dress Up Year + Products 
with these 


NEW 
KNOBS 


Designed by Robert Podali 


Featuring metal inserts of 
chrome, copper, satin 
brass, gold. In a variety of 
thermosetting materials, 
both phenolic and urea. 
Send for details. 


ROGAN BROTHERS 


8027 M. Monticello * Skokie, Ill. 








Circle 276 on page 17 








Curtiss-Wright Corp., 

G-V Controls, Inc., 
East Orange, N. J. 

General Electric Co., 
Schenectady 5, N. 

Hart Manufacturing _. 211 Bartholomew 
Ave.. Hartford 1, Conn 

Mechanical ee Production Co., 211 
Ash, Akron 8, Ohi 

Mercoid Corp., 4201 “Belmont Ave., Chi- 
cago 41, 

Robertshaw-Fulton Controls Co., 
Columbus 16, Ohio. 

Spencer Div., Metals & Controls Corp., 
607 Forest, Attleboro, Mass 

Stevens Mfg %.. Inc., Lexington and 
Mansfield. Ohio. 

Still-Man Manufacturing Corp., 
E. 164th. New York 56, N Se 

Torq Engineered Products, Inc., 
Monroe. Bedford, Ohio. 

Ulanet Co., George, 420 Market, 


Carlstadt. N. 
8 Hollywood Plaza, 


Apparatus Sales Div., 
¥. 


Acro Div. 


429-33 
34 W. 
Newark, 


Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave.. 
Pittsburgh 30, Pa. 

Wheelco Instruments Div Barber-Colman 
Co.. 1403 Rock, Rockford. Til 

Wiegand Co.. Edw L.. 7530 
Bivd., Pittsburgh "8. a 

1001 Newark Ave.. 


Thomas 
Wilcolator Co., Eliza- 
beth, J. 


TIMERS, MOTOR 
AEMCO., Inc., 50 State. Mankato. Minn 
Allen-Bradley Co., 1316 8. Second, Mil- 
waukee Wis. 

Controls Co. of America, 9551 
Ave., Schiller Park, Ml 
Cramer Controls Corp., Box 8. Center- 
brook, Conn. 

Bogie Signal Corp., 202 20th. Moline. 


Soreng 


General Electric Co.. 
Schenectady 

Hansen Manufac turing Co., Ine.. 
on 


gy Co. A. W.. 
bury 20. Conn 
Haydon Div. of General Time Corp., 2530 
Elm, Torrington, Conn. 

Industrial Timer Corp.. 1411 McCarter 
Highway, Newark 4. N. 

Mercoid Corp., 4201 Belmont Ave.. Chi- 
cago — 

Relay Sales Inc., Box 186-B, West Chi- 


cago, 
4041 N. Richards, Milwau- 


l 
Square D Co., 
eo 12, Wis. 
Div. of General Dy- 
sents Se D.. 117 Carlson Rd., Rochester 
3 


Apparatus Sales Div.. 
Prince- 


234 N. Elm, Water- 


Stromberg-Carlson, A 


Struthers-Dunn, Inec., Pitman, 
bs tk; Co.. 


w. z 

~ 34 South. 

Westinghouse Electric Corp Gateway 
Center, Bidg a 3, 401 "Liberty Ave., 
Pittsburgh 30. 

Zenith Electric Co. 152 W. Walton. Chi- 
cago 10, 


TIME SWITCHES, See Switches. 


TOOLS, PORTABLE 

Barber-Colman Co., 1808 Rock, Rockford 
Ill. (Hardness Testing) 

Gardner-Denver Co., Quincy, Ill. 
matic) 

Thomas & Betts Co., Ine., 
Elizabeth 1, N. J. (Terminal Tools) 


TRACING CLOTH, FILM and PAPER 
Keuffel & Esser Oo.. Hoboken, N. 3 

Uzalid, A_ Div. r; General Aniline & Film 
Corp.. Johnson City, N. Y. 


(Pneu- 
28 Butler 


TRANSDUCERS, PRESSURE 
_ ctro Products Laboratories, Inc., 4501 
Ravenswood Ave., Chicago 40, Ill 
natant Inc, Mechatro] Div., 17 
Brooklyn Ave., Westbury, L. IL, N. Y. 


TRANSFORMER HOUSINGS. See Cabi 
nets. Sheet Metal. 


TRANSFER SWITCHES, See Switches 


TRANSFORMERS, ELECTRONIC 

Acme Electric Corp., 356 Water. Cuba, 
N 

Airpax Products Co., Ft. Lauderdale. Fila 

Audio Development Co.. — 13th Ave.. 
South Minneapolis 7, 

Caledonia Electronics & Transformer Corp.. 
Dept. EM-6, Caledonia, } 

Chicago Standard Transformer Corp., 3501 
Addison, Chicago 18, IIL 

Electric Co., 3349 Addison. 


Chicago 18, 1. 

-—.. Electric Co.. 93 Main. Winsted. 

Elsctren Mfg. ©o., 1901 Clyburn Ave.. 

Chicago 14, 

Nothelfer Winding Laboratories. P. O 
Trenton 3, N. J. 


Box 455, Dept. EM-6, 
RCA Electron Tube Div., Radio Corp. 
16th, Chicago 


of America, Harrison . 
Sola Electric Co., 4633 'W. 
Standard Electrical rae Co.. 2240 E. 
Dayton 3, 
Instruments Incor, porated. 6000 
on Ave., Dallas 9, Texas. 
United Transformer Co., 150 Varick, New 
York 13, N. Y. 


Comar 


TRANSFORMERS, BALLAST. See Fluo- 
rescent Lamp Auxiliaries. 


TRANSFORMERS, INSTRUMENT 
CURRENT 


Acme Electric Corp., 356 Water, Cuba, 
N. Y. 
Chicag Standard Transformer Corp., 3501 
Addison, Chicago 18, Ill 
Blectric Co 349 
go 18, Ill 
Electric Co., 3 Main, Winsted, 


Contr 


Addison, 


Electran ETN Co., 1901 Clybourn Ave.. 
Chicago 14, Ill 

General Racctrie Co. 
Schenectady 5, N. 

Sola Electric Co., 4633 W. 
50. Ill. 

Westinghouse Electric Gateway 
Center, Bidg. No. 3, or "Liberty Ave., 
Pittsburgh 30, Pa 

Weston Electrical pentrioes nt Corp., ub. 

Yaystrom, Inc., 614 Frelinghuysen 
ve., Newark vy. J. 


Apocesins Sales Div.. 
16th, Chicago 


TRANSFORMERS, POWER CIRCUIT 
A me Electric Corp 356 Water, Cuba, 


Chicago Standard Transformer Corp., 3501 
A son, Chicago 18, Il 
Electric Co., 3349 Addison, 
ll 
Control, Box 391. Butler, Pa 
Cutler-Hammer, Inc., 1264 St. Paul Ave., 
Milwaukee 1. Wis. x 
Dano — Co., 93 Main, Winsted, 
Con 
Dormeyer Industries, 3424 Milwaukee Ave., 
41. Til 


5 1901 Clybourn Ave.. 
Chicago 14, 
General Electric Co. Apparatus Sales Div., 
Schenectady 5. 
oe Duty Eisctric Co., Milwaukee 1, 


Light’ Electric Corp.. 214 Lackawanna Ave., 


New 4, 
Nothelfer Winding Laboratories, P. O , oe 
455, Dept. EM-6, Trenton 3, N. 
RCA Mocires Tube Div. Radio Bue. 
Americ Harrison. N. J, 
Sola Electric "Co., 4633 W. 16th, Chicago 
50. 
standard Electrical Products Co., 2240 E. 
Third, Dayton 3, Ohio 
Ther Electric & Machine Works, 114A 
8. Jefferson, Chicago 6. Tl 
United Ee a Co., 150 Varick, New 
Electric Corp., 6454 
. St. Louis a, » 
Westinghouse J Gateway 
Center, Bidg. No ws aon Liberty Ave.. 
Pittsburgh 30, Pa. 


TRANSFORMERS, 
VOLTAGE 


Acme Electric Corp., 356 Water, 
N.Y 


Plymouth 


VARIABLE 


Cuba, 

Comar Electric Co., 3349 Addison. 
Chicago 18, Ill. 

Electran Mfg. Co., 1901 Clybourn Ave., 
Chicago 14, 

Hevi Duty Electric Co., Milwaukee 1, W 

RCA Electron seal Diy.. Radio Corp. of 
America, Harris I 

Standard Hlectrical. Produeis Co., 2240 E. 
Third, Dayton 3, Ohio. 


TRANSMISSIONS cy PULLEYS, 
VARIABLE SPE 


Lovejoy Flexible Somiting Co., 
Lake, Chicago 44, Ml. 


4802 W. 


TRANSISTORS and CRYSTAL DIODES 
Clevite Transistor Products Div., Clevite 
Corp., 241 Crescent, Waltham 54, 
General Electric Co.. Electronics 
Electronics Park, Syracuse 1, Y 
(Germanium & Silicon Transistors) 
Hoffman Semiconductor Div. of Hoffman 
Yorp.. 930 Pitner Ave., 


Products, Semiconductor Div., 
International Airport Sta., Los Angeles 


45, Calif 
International Rectifier Corp., 1521 E. 
Grand Ave., El Segundo, Calif. 
International Resistance Co.. 401 N. 
Broad, Philadelphia 8, Pa. 

RCA Semiconductor Diy. Radio Corp. of 


America, Harrison, N 

Sprague Electric Co., 307 Marshall, North 
Adams, Mass. 
Sylvania’ Electrie Products, Inc.. 1740 
Broadway, New York 19, N. Y. 
Texas Instruments Incorporated, 6000 Lem- 
mon Ave., Dallas 9, Texas 
Transitron Electronic Corp., Wakefield. 

Electric Corp., Gateway 


Mass 
Westinghouse 
Center, Bldg. No 3. 401 Liberty Ave., 
Pa. 


Pittsburgh 22, 


TRANSISTOR TEMPERATURE 
CONTROLS 

United  Alreraft 
Bolander Ave., 


Products Inc., 1116 
Dayton, Ohio 


TUBE PARTS (Electronic). 
tronic Tube Components 


See Elec- 


TUBES, CATHODE RAY 
Gone a Co., Tube Dept., 


ady 5, N. 
RCA Electron Tube Div., 
America, Harrison, N. 


Schenec- 
“ ale Corp. of 


TUBES, ELECTRON (industrial) 
Amperite Oo. {p.. 561 Broadway. New 


York 12 
Chatham ‘Blestrontes, Div. of Tung-Sol 
Electric Inc., Livingston, N. J 


Electrons Inc., 127 Sussex Ave., Newark 

Generai Eiectric Co., Tube Dept., Schenec- 
t @ @ 4 

Hughes Products, Electron Tube Div., 
ee Airport Sta., Los Angeles 


45, Ca 
RCA iectron Tube Dt. pete Corp. of 
= ts, Inc.. 1740 
Se A 


erica, Harrison, 
Syivenia Electric 
Broadway. New Yor . 
Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3. 401 Liberty Ave., 
Pittsburgh 80, Pa. 


TUBES, 
Glass. 


METALLIZED GLASS. See 
‘echnical. 


ELECTRICAL MANUFACTURING 





5 reasons why 


you should specify 
T&B Sta-kon Terminals 


fic and NEMA 120 ge & XO AND OS 


ENCLOSURES and PANELS HIGH CONDUCTIVITY... Pure electrolytic cop- 
in over 3500 sizes / per tongue. Long stake mark assures large 
—— contact area for low resistance and low volt- 
age drop. 
TIGHT, SURE CONNECTIONS... Serrated tongue and 
i barrel never relax grip on cable. Once staked, 
SEND FOR IP T&B Sta-kon Terminals are on to stay. 
STANDARD EASY TO INSTALL... without flame, heat or flux. 
SIZE & PRICE |b A T&B Shure-Stake hand tool is all you need 
LIST OF NEMA 12 6 d ; to stake terminal to cable... bench tools also 
ND JIC os : ) available. 
a he ' CORROSION RESISTANT... Cable and barrel are com- 
E 5 a | @/ pressed into a solid mass. There are no voids to 
Aten ——— ' | — interior attack from corrosive agents or 
: — : / atmospheres. 
JOINT INDUSTRY (ge Sorline Sheet AVAILABLE IN A COMPLETE LINE... Including “specials”. 
CONFERENCE ama ae Wire sizes 22 to 4/0. Varied tongue styles and stud 


: , sizes, with and without insulation. 
We build a complete line of performance proved enclosures to meet m 
your comsizqmnente., You name it — we have all sizes — from 12" x 12" For information on the complete line of T & B Sta-kon ter- 
to 60"'x 90"', any depth. ° _—) lletin #82 tod 
minals send for your FREE copy of T & B Bulletin oday. 
STANDARD PRICE INCLUDES — “Painting “Sub Panel *Neoprene v sd are Biutt 
Gasket and Provision for Mounting. 


We also Fabricate custom Enclosures of All Types THE THOMAS & BETTS co. 


Any Size — Any Quantity INCORPORATED 


Hi F fae) 4 (ae) ansabh Miia Wk. te We 28 Butler Street, Elizabeth 1, New Jersey 


| THOMAS & BETTS LTD., MONTREAL, P. Q., CANADA 
Grand Rapids 2, Michigan Glendale 8-3741 Circle 279 on page 17 
Circle 277 on page 17 











T 321 


se Woes gw 
i 4) .*% a 


B® and APPLICATIONS 3 


aS 


* FREE SAMPLES . 
este J Pot INDUSTRIAL 


wide variety of appli- 
cations — A.C. and D.C. 


ly 
Quality construction in- aW/ 
sures efficient opera- 
tion and long life. Spe- § y 


FEL] 7 
cial features available 
include push rods and . 
encapsulated coils. 


Prompt service on stand- a } Pee ae ae” 
ard or custom engi- . 4 ee. 
neered types. ' , | At made to S.A.E. and 


: Federal Govt. Specifications 
Se ee P 


i SEE HOW 
L t — high per- 4 -— 
neal tan a C™ FELT 


Ideal for automotive, 


appliance and vending ' ’ ; FITS IN 


Miniatre ond ssbmin ~ See why WITH YOUR 
: CONTINENTAL FELT PRODUCTS 
seescscgeth « cles Tiiaann fills hundreds 


Send for Catalog! | of jobs daily 
OD anderson controls, inc. 


Sn eke nae CONTINENTAL E kelsk COMPANY 


Factories: Des Plaines, Ill. & Woodstock, Ill | 2.26 WE ’ REE WEW Y 











Ask for booklet 
E-l 


Des Plaines 
Phone: VAnderbilt 4-3147 


JULY 1958 Circle 278 on page 17 Circle 280 on page 17 





Resin Cast and 
Encapsulated 


Transformers 


Transformers, reactors, 
saturable reactors 
and specialty electronic 
devices are manu- 
factured with the latest 
techniques of epoxy 
resin and other special 
treatments. Either single 
or polyphase units. 
Complete design and engineering 


service. For the complete story write 
for Bulletin 53D. 


ELECTRAN MFG. 


CLYBOURN AVENUE - 


1901 CHICAGO 14, ILLINOIS 


Circle 281 on page 17 


OPHAR 


-—~——-WAXES 
~~~ COMPOUNDS 


~ 


Zophar Waxes, resins and compounds 
to impregnate, dip, seal, embed, or pot 
electronic and electrical equipment or 
components of all types, radio, tele- 
vision, etc. 


Cold flows from 100°F. to 285°F. plain 
or fungicidal. 


Special waxes non-cracking at —76°F. 


Let us help you with your engineering 
problems. 


For ipeegRete service contact: 
Mayer, Sales Manager 
s, T ical Director 
ders, Chemi Laboratories 








Phone SOuth 8-0907 


>) ZOPHAR MILLS, INc. 
112-130 26th Street, 
Brooklyn 32, N. Y. 


Circle 282 on page 17 





TUBES, PHOTOELECTRIC. See Photo- 


electric Cells and Tubes 


TUBES, THERMOCOUPLE 
Kanthal Corp., 3 Amelia Place, Stamford, 
Conn. 


TUBING, ALUMINUM. See Aluminum 


TUBING, BRASS, BRONZE and COP- 
PER. See Brass, Bronze and Copper. 


TUBING, FIBRE. See Fibre. 


TUBING, LAMINATED METAL. See 
Laminated Metals, Precious and Base. 


TUBING, MICA. See Mica. 


TUBING, NICKEL and NICKEL ALLOY. 
See Nickel and Nickel Alloy 


TUBING, PAPER 

Cleveland Container Co.. 6201 Barberton 
Ave., Cleveland 2, Ohio 

Continental-Diamond Fibre. A Sub. of The 
Budd Co., Newark 13, De 

Paramount Paper Tube Corp., 612 Lafa- 
yette, Ft. Wayne 2, Ind. 


TUBING, SILVER. See Silver and Silver 
Alloys. 


ree and SLEEVING, BRAIDED 
BRIC. (Textile or Glass-Fibre treated 

with lacquer, varnish or synthetic resin.) 

Bentley, Harris Mfg. Co., 200 Barclay. 
Conshohocken 2, Pa 

Bases Ue.. Resinite Dept. Santa Barbara 
Cc 

Continental- Diamond Fibre. A Sub. of The 
Budd Co.. Newark 13. Del. 

Insulation Manufacturers Corp.. 565 W. 
Washington Blvd., Chicago 6, Ill. 
Irvington Div., Minnesota Mining & Man- 
ufacturing Co., 9 Argyle Terrace, Ir- 
vington 11, N. J 
Natvar Corp., 207 
bridge, N. J. 
Vartiex Corp., 504 W. Court, i N, ¥ 
Westinghouse Electric Cor Gateway 
Center, Bldg. No. 3, 401 Liberty Ave.. 

Pittsburgh 30. Pa. 


‘Randolph Ave., Wood 


TUBING A SLEEVING, EXTRUDED 


PLASTIC 

Borden Co., Resinite Dept., Santa Barbara 
Calif 

Electric Co., 
Til. 

Insulation Manufacturers Corp., 565 W 
Washington Blvd.. Chicago 6, Ill. 

Irvington Div., Minnesota Mining & Man 
ufacturing Co., 9 rgyle Terrace, Ir- 
vington 11. N. 

National Vuleanized Fibre Co., 
ton 99, Del. 

Natvar Corp.. 207 Randolph Ave.. 
bridge, } 

New Jersey Wood Finishing Co. 
Insulation Dept., Woodbridge, 

Phalo Plastics Corp., Commercial & Foster. 
Worcester 8, Mass. 

Rogan ~~ 8027 N. Monticello Ave.. 


Skokie. 
33-32 57th. Woodside 77. 


Ill. 
Sufiex_ Corp... 
United States Gasket Co.. Plastics Div. of 
The Garlock Packing Co., Camden 1, 


Plastics Dept. 


Wilming- 
Wood- 


. Electrical 
N. 


Varilex Corp.. 504 W. 


TUBING, STEEL. See Steel, 
Forms and Grades. 


Court, Rome, N. Y. 


Commercial 


TUNGSTEN. See also Contacts. 
Cunmtedl Meteiiergtoal Corp., North Chi- 


y & Co., Inc., P. R., Indianapolis 
Ind. 


UNDERCUTTERS, 
Undercutters. 


UNIVERSAL JOINTS 

Apex Machine & Tool Co.. 1042 8S. Pat- 
terson Blvd., Dayton 2, Qhio. 

Lovejoy Flexible Coupling Co., 4802 W 
Lake, Chicago 44, Ill. 


MICA. See Mica 


vAOoUs TUBES. See Tubes. 
Ray; Tubes, Electron 


Cathode 


VALves. MOTORIZED or SOLENOID 
OPER 

Ph rnc coe ane Co., 
Florham Park. J 

Barber-Colman Co., 1803 Rock, Rockford, 

Controls Co.. of America, 9551 Soreng 
Ave., Schiller Park, IIL 

General Electric Co., Apparatus Sales Div.. 
Schenectady 5. } 

Mercoid Corp., 4201 Belmont Ave., Chi- 


cago A ° 
Skinner Electric Valve Div., 


50-M Hanover Rd., 


New Britain 


Westinghouse Electric Corp 


. Gateway 
Center, Bldg. No. 8, 401 Liberty Ave., 
Pittsburgh 30. Pa. 


VARNISHED FABRICS. See Fabrics, 
Insulating. 


VARNISHES, COMPOUNDS and 
RESINS, INSULATING 
Acme Wire Co.. 1255 Dixwell Ave.. New 
Haven 14, Conn 
Bakelite Co., Div. of U i Combi Corp.. 
30 E. 42nd, New Yor 
Mienia Bar- 


Resinite ‘Det, 
th %.. Inc., George C., a Paterson 
Ave., East Rutherford, N. 


Corning Corp., Midland, Mich. 
(Silicone) 

du Pont de Nemours & Co., (Inc.), E. L. 
Plastics Div., Polychemicals Dept., 
Wilmington 98, Del. 

Durez Plastics Div 
Corp 1307 Walck Rd 
7. ¥ 

General Electric Co.. Laminated Products 
Dept.. Coshocton, Onic 

Insulation Giennfasterers: Corp.. 565 W 
Washington Blvd., Chicago 6, Il. 

Irvington Div.. Minnesota Mining & Man- 
ufacturing Co., 9 Argyle Terrace. Irving- 
ton 11, 

London Chemical C. oe 1537 N. Sist 
Ave., Melrose Par » 
Minnesota Mining & Mfg. Co., Electrical 
Products Div., 900 Fauquier Ave., St. 

Paul 6, Minn. 
Oronite Chemical £o.. 
Francisco 4, Calif 
Sherwin-Williams Co., 

Div., Cleveland 1, o 
Union Carbide Corp., Silicones Div., 420 
Lexington Ave., New York 17. N. Y. 
Westinghouse Electric Corp Gateway 
Center, Bldg. No. 3, 401 Liberty Ave.. 
Pittsburgh 30, Pa 
Zophar Mills, Ray 112-130 26th, Brook- 
mn. %. 


lyn 32, 


Chemical 


Hooker 
N. Tonawanda 


200 Bush, San 


General Industrial 


VARNISHES, FINISHING. See Lacquers 
Enamels, Paints and Varnishes, Finish- 
ing. 


VARNISHES, INSULATING. See Var 
nishes, Compounds and Resins 


V-BELTS. See Drives, Belt. 


VIBRATION TEST MACHINES 
General Electric Cr, ee Sales Div.. 


Schenectady 5. ° 

Westinghouse Electric Corp. Gateway 

Center, Bldg. No. 3, 401 Liberty Ave.. 
Pa. 


Pittsburgh 30. 


VIBRATORS 

Mallory & Co., 
6. Ind 

Oak Mfg. Co., 
Chicago 10, 


WAXES and COMPOUNDS 

Bakelite Co.. Div. of Union Carbide Corp.. 
30 BE, 42nd, New York 17, N. Y. 

Biwax Corp., 8443 Howard, Skokie, Til. 

Dow Corning Corp., Midland, Mich 

General Electric Co., nee Products 
Dept.. Coshocton, Ohi 

Minnesota Mining & Mfg. Co., Electrical 
Products Div., 900 Fa uauier Ave., St 


Inc., P. R., Indianapolis 


1260 N. Clybourn Ave., 
1. 


Paul 6. 


finn. 
—, Mills, Inc,, 112-130 26th, Brooklyn 
¥. 


WEDGES and PEGS, ARMATURE 

Insulation Manufacturers Corp., 565 W 
Washington Bivd., Chicago 6, Til 

National Vulcanized Fibre Co., Wilming- 
ton 99. Del. 


WELDING EQUIPMENT 

General Electric Co., Apparatus 
Div., Schenectady 5, N. Y. (Arc) 
Westinghouse Electric Corp.. Gateway 
Center, Bldg. No. 3, 401 Liberty Ave.. 
Pittsburgh 30, Pa 


Sales 


WELD NUTS. See Fasteners 


WHEELS, BLOWER 


Torrington Manufacturing Co., Torrington, 
Conn. 


WINDING MACHINES. See Coil Wind- 
ing Machines. 


WIRE AND CABLE, BARE 


American Brass Co., Waterbury 20, Conn 
American Steel & Wire Div., U. S. Steel 
C.. Rockefeller Bidg., Cleveland 13, 


. 25 Broad- 

way, New 4, N. 
Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp.. Waterbury 20, Conn. 
Cornish Wire Co., Inc., 50 Church, New 
York NM, XX. 
Essex Wire Co., 


po. Wire ant Cable Co 
Yor 


Wire and Cable Div.. 
" 420 Lexington Ave., 


New 

General Electric Co., Construction Mate- 
rials Div., Bridgeport 2, Conn. 

Page Steel & Wire Div., American Chain 
& Cable Co., P,O. Box 692, Monessen, 
Pa. (Stainless or Carbon Steel Armature 
Banding) 

Phelps Dodge Copper Products Corp.. 300 

e.. ve York 22, N 


Park v Ww 

Riverside-Alloy Metal Div., H. K. 
Co., Inc.. Riverside. N. J. 

Roebling’s Sons Corp., John A., Sub. of 
Colorado Fuel & Iron Corp., Trenton 


Porter 


Sylvania ‘Electric Products, Ine.. 1740 
Broadway. New York 19, N. Y. 


WIRE and CABLE, INSULATED 
Asbestos (A) 
Rubber (B) 
Varnished Fabric (Cc) 
Thermoplastic (T) 
Coaxial Cable (xX) 

American Steel & Wire Div., U. 8S. Steel 

Corp., Rockefeller Bidg., Cleveland 13, 


Ohio 
Amphenol Electronics coe, 1830 8. 54th 
t Broa 


Ave., Chicago 50, 
Anaconda Wire and Cate Oe 

. New York 4, Y° BCTN) 
Belden Mfg. Co., iss" w. Van Buren, 
Chicago 44, Ill’ (ABTX) 


ELECTRICAL MANUFACTURING 





fractional horsepower 


at its 
. finest! 


These subminiature snap-acting switches have 


a BIG advantage... 


=) INTEGRAL 
RAF ACTUATORS 


Rae M-12 or M-13 h G-12 ae 
ae M-12 or M- wit : | 3 
reducer. M-12 and M-13 all ati 
motors AC/DC Universal or | - 
Shunt. 1/5 H. P. Max. G-12 | an integral part 
rr rebie) rs gear unit 536:1 Max. and of the switch — 
100 in. Ibs. Max. M-13 has is pre-adjusted and 
ball bearings. mechanically locked 
| in the 


choice of leading manufacturers switch assembly 


during 


f i 
AC/DC Universal =e 


DC Shunt Wound 

DC Series Wound 

DC Compound Wound 
Gear Reduction Motors 
Governor Controlled Motors 
Motors for Rheostat Control 


Don’t gamble with the success \ 
of your product! By careful 
analysis and testing together 
with RAE engineers you can 
assure the right motor for 
your needs. 

RAE offers outstanding serv- 
ice and quality in a large 
variety of motors in voltages Motors for Electronic Control 
up to 250, and up to % H.P. Permanent Magnet Motors and 
(higher for intermittent duty) Gearmotors 

with many gearhead motor 

combinations. Let us show 


you how these advanced mo- i 
tors, now in such big demand, 

can improve your product “a4 MOTOR CORP. U ay 2 MAX % M 
and reduce your costs. ype 


Send for the ‘‘RAE"’ service sheet. It ec agree ompaa e 
will help you supply the dat - ’ . 
sary for possmunendasines oad que. integ ral-actuator 
Circle 283 on page 17 + h h fi 
e 
switch benetits: 
| Saves space in ganging, no build-up of 
° i] Wi di thickness tolerance: stacking 4 per inch 
a Electrical Coi in ings | 8 in 2 inches, 12 in three inches, etc. 
Peete Quickly installed in miniaturized apparatus 
For 40 years . . . specializing in all types of or hard-to-get-at places: 
coils to customers’ specifications. Design or no auxiliary actuator mechanism 


engineering assistance available on request. to adjust or assemble. 
High repeatability , ong switch life. 


s 
COTO COIL CO INC Vibration resistan integral actuator has 
” oy * | no extra parts to shake out of adjustment. 
SINCE 1917 Lighter actuating force possible than with 
63 Pavilion Avenue Providence 5, Rhode Island auxiliary mechanisms. 
Leaf and leaf-roller 


actuator lengths 
furnished ¥J OPERATE 


to your requirements. 2 < | POSITION 
DYKEM | pene Nee 


32 


E ' - se 
hs oe ——— “ ELECTRICAL RATINGS: 
| ANOA- = 2% amp. 30 v. d-c, inductive 
Stops Ge} pee 2 ockage io @ 4 5 amp. 30 volts d-c, resistive, 
making Dies and | — y) Bakelite cap hh holding = : 5 amperes 125/250 volts a-c. 
Templates : rat plying right at Ks = Write today for information on 
« metal surface ready vl z Unimax subminiature snap-acting 
= | integral-actuator switches. 
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show up in = relief, = 

prevents metal glare. In- 

creases efficiency and 
accuracy. 


UNIMAX SWITCH 


THE DYKEM COMPANY iuisios oration 
SS SS ee IVES ROAD, WALLINGFORD, “CONNECTICUT 
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CAST 
mi Be), hy 
FILM 


DILECTRIK. 


Among the many forms of “Teflon” 
now available to the design engineer, 
Cast “‘Tefion” Films are outstandingly 
distinguished by their unique qualities: 
high dielectric strength, zero void con- 
tent, complete freedom from stresses, 
uniform physical dimensions, chemi- 
cal inertness and high heat resistance. 
- Available in thicknesses ranging from 
0.00025” to 0.004”. Your inquiries are 


TIOn 


NaTALLEN BOULEVARD, FARMINGDALE, Li, My. 
: *Trademark du Pont ‘‘Tefion’’ TFE resin. 
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DANO 


puts performance 
into every coil! 





Regardless of type or quantity, 
every coil is quality manufactured 
to your exact specifications. 








* Encapsulated ° Paper interleave 
* Bobbin * Cotton Interweave 
* Form Wound 
* Vacuum Impregnated 
* High Temperature Application 
Also, Transformers Made To Order 





EE OO 
NOW AVAILABLE! New 20-page Dano 


illustrated catalog including technical coil 
designing data. 








= DANO ELECTRIC CO 


93 MAIN ST., WINSTED, CONN. 





€ 
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Bridgeport Insulated Wire Co., 53 Brook- 
field Ave.. Bridgeport 8. Conn. (T) 
Chase Brass & Copper Co., Sub. of Ken- 
moe? Copper Corp., Waterbury 20, Conn 


Chester Cable Corp.. Sub. of Miami Cop. 
per Co., 25 Hill, Chester, N. Y. ( 
Continental a Corp., Wallingford. 
(A 
Cornish Wire st a 50 Church, New 

a T) 


yor’ 


Eastern ‘tamiiales Wire Corp., Walling- 
CT) 


ford, Conn 
bo wie and Cable Div.. 
Fort Wayne, (BT) 
Casal Cable Om. 420 Lexington Ave.. 


Electric Co., Construction Mate- 
s Div., Bridgeport 2. Conn. (ABCX) 
Hitemp Wires, pe. 1200 Shames Dr.. 


; 220 Pasadena Ave., So. 

Pasadena, Calif. (X) 

Phalo Plastics Corp., Commercial & Fos- 
ter. Worcester 8, Mass. (TX) 

Phelps Dodge Copper Products Corp., 300 
Park Ave., New York 22, N.Y. 
(ABCTX 

Rex Corp 245 Hayward Rd., West Acton, 

Rockbestos Products Corp.. New Haven 4, 
Conn. (4 

Roebling’s Sons Corp.. John A., Sub. of 
Osiarade Fuel & Iron Corp., Trenton 


Royal Electric Corp., Pawtucket, R. I 


WIRE CUTTERS and STRIPPERS. See 
Strippers, Wire. 


WIRE CUTTING PLIERS and TWIST- 
ERS. See Pliers and Cutters. Wire. 


WIRE FORMS. See Springs, Coll and 
Flat; Stampings, Metal. 


WIRE, MAGNET 

Acme Wire Co., 1255 Dixwell Ave., New 
Haven . Conn. 

Anaconda Wire and Cable Co., 25 Broad- 
way, New York 

Belden Mfg. Co., 4633 W. Van Buren 
Chicago 44, IIL 

ee pe Insulated Wire Co., 58 Brook- 
field Ave., Bridgeport 8, Conn. 

Chase Brass & Copper Co., Sub. of Kenne- 
cott Copper Corp.. Waterbury 20, Conn 

Electric Auto-Lite Co., Wire and Cable 
Div., Port Huron, Mich, 


Essex Wire Corp., Magnet Wire Div. 
Fort Wayne 6. In 

General_Cable Cup. 420 Lexington Ave 
New York 17, N 

General Electric Co., Construction Ma 
terials Div., Bridgeport 2, Conn 

Hitemp Wires, 1200 Shames Dr 
Westbury, L Y. 

Phelps Dodge Copper prebests. Corp., Inca 
Manufacturing Div., Fort Wayne, Inu 

Rockbestos Products Corp., New Haven 4 
Conn. 

Roebling’s Sons Corp., John A., Sub. of 
Colorado Fuel & Iron Corp.. Trenton 2 


N. J. 
Sprague asus Co., 307 Marshall, North 


Adams, 
Tensolite ‘Specialties. Inc., 198 Main 


Tarrytown, 


N 


WIRE MAGNETIC RECORDING. Bee 
Magnetic Recorder Components. 


WIRE, RESISTANCE 
Driver Co., Wilbur B.,. 
Highway, Newark 4. N. 
Driver-Harris Co., Harrison, N. J. 
3 Corp., 8 Amelia Place, Stamford. 


1875 McCarter 


Riverside. eg Metal Div., H. EK. Porter 
. . Riverside, N. J. 


WIRE STRIPPERS. See Strippers, Wire. 


WIRE TIES 
Electrovert Inc., 
i. = 


489 Fifth Ave.. New 
York 17 ° 


WIRING DUCTS. See Ducts, Wiring. 


WIRING HARNESSES. See Harnesses 
and Assemblies, Wire. 


WORMS and WORM WHEELS. See 
Gears and Pinions. 


WRENCHES, SOCKET SCREW. See 
Socket Screw Keys and Wrenches. 


YARNS, BRAIDING and SERVING. See 
Fabrics, Insulating. 


ZINC 


New Jersey Zinc Co., 160 Front, New 
York 38, N. Y. 








Slide Rule Mathematics 


Have you ordered your reprint copy of this practical guide 
to the application of the slide rule? See page 275. 








with 
CURTIS 


Terminal 
Blocks 


Factory Assembled 
or Kit Form. 


Type “BI” 
Panelboard & Utility 
Type “R” 

Control Wiring 

Type “FT’—"FTS” 
Feed-Thru 
Applications 

Type “MAT” —"MA” 
UL Approved 
Applications 

Type “HY! 

High Current 
Applications 

Type “S$” —"O" "|," 
Power Wiring 

Type Eee 
Locked-in 
Connections 

Type “BTH” 
Combination 
Terminals 











CURTIS ovtvtiopment & MEG. CO. 


3222 North 33rd Street, Milwaukee 16, Wisconsin 
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YOU'LL 
FIND IT 


> If you are looking for new ways and means to im- 
prove your product, and save money too, here’s an idea 
source guaranteed to spark your imagination and give 
you a wealth of hints, tips, and suggestions. 

This 20-page fact-filled STAR catalog contains com- 
plete descriptive and engineering data on the full line 
of StaR Ceramics. A big selection chart, complete with 
mechanical and electrical properties, makes the job of 
selecting the right STAR material for your product a 
cinch. Like a free copy? Write today for Catalog 57. 








PRODUCTION 
WIRE STRIPPERS 
Meet More Needs— 


Solve More Problems 


IDEAL Production Strippers are generally 


known as 


“the fastest on the market.” What- 


ever your needs, even if you don’t consider 
them problems, an IDEAL Stripper will give 


. ISTA Fr porcelain company 


41 Muirhead Avenue, Trenton 9, NJ. 
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“MARK WIRES PERMANENTLY! 





Easy To Apply Metal Tags, replace 
Obsolete String and Paper Methods 


JS 











you better work, faster and cheaper! Below 
is solid evidence — a condensed list of wire 
stripping needs that IDEAL Strippers are 
called upon to fill every day: 


R, RF, CF, AF, Radio Hook-Up, Lead-In 
Wires, etc., up to 7/16” in diameter .. . 
Any cotton, silk, synthetic (plastic) insula- 
tion or rubber coverings from fine stranded 
or solid conductors up to 7/16” in diameter 
. .. Plus most types of Film Insulated Wire 
(AWG #50 to AWG #0) as close as 
1,4” from the body of the winding or coil 
form. 


Shown are just two widely used models. Six 
other models and types are also available for 
any degree of specialized stripping you need. 
| We'll be glad to “prescribe” — see below. 


“ROTARY TYPE TWIN CONE TYPE 


@ Aluminum, steel, brass, 
or zinc. 

@ Big variety, many 
styles, and sizes 

@ For aircraft, radio, tele- 
phone, motor and 
generator manufacture, 


—~< 


FREE SAMPLES AND FOLDER LISTING 
etc. ALL STYLES AVAILABLE ON REQUEST 


NATIONAL BAND & TAG C0., P. 0. Box 9-254, Newport, Kentucky 
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Co Solderless —==O0 


’ Easy to Apply 
| No Special Tool Needed 
One-Piece Construction 


U Write for Ts) “| 
NX “series” Kah Bulltin 8-DF 
KRUEGER & HUDEPOHL, INC. Oo 
esd 


1043 EVANS STREET, CINCINNATI 4, OHIO 








For high-speed production 
stripping of most types of 
single conductors, solid or 
stranded wire up to a maxi- 
mum of 3/8” outside diameter. 





_ 


Quicker, cleaner stripping of 
all types of film insulation. 
Wire size AWG #50 to #25. 
REPLACEMENT WHEELS: 
IDEAL offers top quality at 
less cost per pair than the 
average of other good quality 
wheels. 
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FREE CONSULTING SERVICE 

— SEND US SAMPLES OF YOUR WIRE 

We'll put your wire samples through our Test Laboratory and 
return them to you with a written report, showing you our 
findings as to the best type and model IDEAL Stripper to meet 
your needs most exactly. Send us your samples now. 








IDEAL Sold through America's Leading Distributors 


In Canada: Irving Smith, Ltd. Montreal 


IDEAL INDUSTRIES, Inc. 


1008-G Park Avenue, Sycamore, IIlinois 
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‘ek Be uns 
EL 
FIRST 
FOR SPECIALIZED SKILL 


IN MAKING 
CONTACT ASSEMBLIES 


@ EXPERIENCE Gibson engineering 
knowhow in developing economi- 
cal contact assemblies for your 
product is unsurpassed. 


® COMPLETE SERVICE Gibson offers 
a complete line of contact mate- 
rials, forms and assemblies to fill 
requirements of your product. 


® FLEXIBILITY Gibson’s versatility in 
adapting the right Gibsiloys or 
other contacts to your product— 
coupled with round-the-clock pro- 
duction—enables us to give you 
what you want... on time. Our 
one field is electrical contacts. 
Consult Gibson first about contacts. 


ELECTRICAL CONTACTS 


4d 


(QMMFQCHUNALA Gy 


Gipson EtectRic COMPANY 


BOX 590, DELMONT, PA. 
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AEMCO Inc. 


A'G’A Div., Elastic Stop Nut Corp. of 
America 


AMP Incorporated 
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Steel Co. 


Acme Wire Co., The 

Adams & Westlake Co., The 

Airpax Products Co., Cambridge Div. 
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Allen-Bradley Co. 
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‘DIAMOND Hi’ 














General 
Purpose 
Relays 


MEASURE ONLY: 
14°=x1%"x1K" 


BUT CARRY: 


to 25 A. resistive at 115-230 V., 
A.C. ihe. 196 ¥..22e. 
250 V., A.C.; D. C. and other 
higher ratings on request. 


CONTACTS: 


DPDT, Double Break-Double 
Make (Form Z). Special ar- 
rangements and sequence on 
request. 


MOUNTINGS: 


Socket, panel and sidewall ar- 
rangements standard; others 
to meet special needs. 


“Diamond H” engineers are 
prepared to work out varia- 
tions of these rugged, depend- 
able relays to meet your spe- 
cific requirements in such ap- 
plications as automation 
controls, appliances and air 
conditioning equipment, or 
what you will. Just ask. 


THE 


HART 


MANUFACTURING 
COMPANY 


211 Bartholomew Avenue 
Hartford, Conn. 
Phone Jackson 5-3491 
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Save SPACE 


and WEIGHT with = 
The A. W. HAYDON COMPANY’S unique Line of 


RELIABLE SUB-MINIATURE REPEAT CYCLE TIMERS 


TINY! 
. i ole} eight L 


ge} ticl. ki 


o 
IW 


~ “Save SPACE and WEIGHT with the 


A. W. HAYDON COMPANY'S 
Unique Line of RELIABLE SUB-MINIATURE 


ELAPSED TIME INDICATORS 


TINY! 


4 





Diamete 
Weight on oun 


i elulelelamilelilel-mels 


pfe}tic). & 
Temperature 
\Alelgehitels) 
itera fo) OT] 
> Sealed Housing 
Digital Readout 


els Now in Productior 


signed to Meet M 


234 NORTH ELM STREET, 
WATERBURY 20, CONNECTICUT 
AWH-ET 

Design ond Monufacture of i 


Electre-Mechanical Timing Devices 
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Inc. 


Scruggs 
Industries, 


Servospeed Div. of Electro Devices, Inc 


Shell Chemical Corp., Chemical Sales Div. 
Silicones Div., Union Carbide Corp. 
Sola Electric Co. 
Somers Brass Co., Inc. 
Spencer Div., Metals & Controls Corp 
Sprague Electric Co. 
Square D Co. 

29 


Carbon Co. 
283 


Stackpole 
Star Porcelain Co., The 
Back Cover 


, Inc. 
154 


Stevens Manufacturing Co 


Struthers-Dunn, Inc. 
160 


Switchcraft, Inc. 
26 


Synthane Corp. 


161 


Taylor Fibre Co. 
Tennessee Coal & Iron Div., United States 
162, 


Steel Corp. 


163 
Thomas & Betts Co., Inc., The 279 
Torq Engineered Products, Inc. 244 


Unimax Switch Div., The W. L. Maxson 
Corp. 
Union Carbide Corp. 
National Carbon Co. 


Silicones Div. 


United Air Lines, Cargo Sales Div. 

United States Gasket Co., Plastics Div. of 
The Garlock Packing Co. 

United States Steel Corp., American Steel 
V Div 162, 


& ire 
162, 





~ 
~ 
os 
- 


t 


aA a 
‘\ \W-IRIAYDON 
io 9 WN 
~ Com 
| 234 Bea 
WATERBURY 20, CONNECTICUT 
Design ond Monvfacture of 


tro-Mecha.vical Timing Devices 





tle 


Circle 296 on page 17 





United States Steel Export Co. 


United Transformer Corp. 


_ 


| Varflex Corp. 
Varian Associates, Instrument 


Div. 


| 
Veeder-Root 


| 
Electric 


Inc. 


Vulcan Co. 
243 


Waldes Kohinoor, Inc. 


| 
| Wales-Strippit Co., A Unit of Houdaille 
| Industries, Inc. 
| 

Electric 


| Westinghouse Corp. 37, 38, 
Westinghouse Electric Corp., Semi 

conductor Dept. 

| West Virginia Pulp and Paper Co 
Products Dept. 

Wire and Cable Div., Essex Wire Corp. 


24, 


. Pulp 


| 
| 
Wisconsin Porcelain Co. 


277 


Zenith Electric Co. 
280 


Zophar Mills, Inc 
ELECTRICAL MANUFACTURING 


PRINTED BY PERIODICAL PRESS CORP., PHILA. 40, PA 


EVEN MONEY 
IT’S A 

GEARMOTOR 
GOING TO WORK! 


We make a lot of Gearmotors here at Master. The point is, 
we've been selling more than all other makes combined. There 
are more Master Gearmotors in use than all others. Users buy 
more. And you don’t find any foolish motor buyers—or not 
for long. 


So it’s obvious that Master Gearmotors simply must meet 
most requirements best. If you’re not a Master Gearmotor 
user, now’s the time to find out what you’re missing! 


IT’S TIME YOUR DRIVE REQUIREMENT MEETS ITS MASTER 


With five types of parallel and right angle 
Gearmotors, Master has the flexibility and choice 
of design you need. 


Master Gearmotors are available With electric motor and gears combined into 
with all Master motor types in right a compact, integral power unit, you reduce costs 
angle and parallel construction. ; : nee : 

and increase efficiency through elimination 

of belts, couplings, chains, sprockets, 

external bearings or separate reducers. 

They are available in sizes from 4% to 125 H.P. 

You can integrate with the gearmotor: 

electric brakes, 3 types of variable speed units 

and fluid drive in any combination. 


THE MASTER ELECTRIC COMPANY : Dayion 1, Ohio 


pivision OF RELIANCE S3eS22'S Ane 


ENGINEERING CO. 


Circle 102 on page 17 





PTUTTITITT Tee 


Type S above; Type H below. Other designs available. 


IT’S STEMCO THERMOSTATS 


No wonder leading manufacturers of electric appliances 
specify Stemco thermostats. For Stemco thermostats give 
long-life reliability that eliminates service headaches. . . 
are quickly, easily installed . . . are competitively priced: 
Our application engineering service is eager to help you 
solve your thermostatic control problem, whether it 
involves design, production or cost. Try us now. 


ea tewcem Manufacturing company, inc. 


P. O. Box 1007, Mansfield, Ohio 


Other appliances, too, such as percolators, inhalers, 
air heaters, fans, steam and fiat irons, roasters, fry 


kettles, refrigerators, butter warmers, waffle irons, THERMOSTATS 


electronic and avionic applications. Circle 103 on page 17 





